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ABSTRACT 
Recently, biopharmacological active mushroom polysaccharides have been 
isolated from fungal mycelia (endo-polysaccharides) as well as from the culture 
media (exo-polysacchairdes, EPS) by submerged fermentation. Optimization of the 
growth of mushroom mycelium and the effective production of endo- and 
exo-polysaccharides have great economic importance. Chemical and physical 
parameters being investigated for optimizing the production of both the mycelial 
endo- and exo-polysaccharides include different chemical media (carbon and 
nitrogen sources), temperature, pH, aeration, amount of inoculum, duration of 
fermentation, and etc. 
The objectives of this project are: 1/ to find out the effect of different carbon 
sources (carbohydrate) on the yield of mycelium and EPS production from 3 selected 
mushroom species, Pleurotus tuber-regium (PTR), Agrocybe cylindracea (AC) and 
Grifola frondosa (GF) by submerged fermentation using 250 m L and 1L shake-flasks 
as well as 8L fermentor (for PTR only); 2/ to characterize the chemical 
characteristics of two types of water-soluble mushroom polysaccharides including 
EPS and mycelial hot water extract (HWE) produced by submerged fermentation 
using different carbon sources (carbohydrate); 3/ to delineate the effect of the 
different carbon sources (carbohydrate) on the chemical structure of the 
water-soluble polysaccharides (EPS and H W E ) from PTR. 
All the three mushroom mycelia grew best in liquid medium containing 
mannose as the sole carbon source and the corresponding yield of their mycelia and 
EPS of GF, A C and PTR were 2.1, 5.9 and 6.6 (g dry wt./L of medium) and 144.1, 
68.0 and 145 (mg dry wt./L of medium), respectively. All the EPS were composed of 
mannose and glucose with small amounts of galactose and glucosamine. The yield of 
mycelia and EPS obtained from the scale-up submerged fermentation (1L shake-flask 
and 8L fermentor) of PTR were smaller than that of the small-scale production (250 
iii 
m L shake-flask) except that the mycelial yield of PTR in fructose medium had been 





 M W as determined by size exclusion chromatography. The EPS of PTR 
was found to be a (2->6)-mannan with side branches of 1,3-glucosyl and 
1 々 -galactosyl residues. 
The yield of H W E of PTR isolated from 1L shake flask with medium of glucose, 
fructose, mannose and mannitol and that isolated from 8L fermentor with medium of 
glucose were 65.0, 76.8，63.6, 77.5 and 45.8 mg/g of mycelium, respectively. 
Differing from the ESP, the monosaccharide composition of H W E of PTR was 
composed of mainly glucose instead of mannose with a minor portion of mannose 





 M W . The H W E of PTR was found to be mainly (l->4)-glucan with other 
linkages including l)Glc(3—], l)Gal(6—], [->2)Man(6->] and 
[->2,6)Man(l->]. 
Two carbohydrates (mannose and glucose), which were the major structural 
component of the polysaccharides found in the EPS or H W E , respectively, had a 
stimulating effect on increasing the content of that monosaccharide in the 
polysaccharide as well as the molecular weight. The mycelium of PTR seemed to 
utilize fructose in metabolic pathway other than glycolysis. 
Our results showed that carbon sources (carbohydrate) could affect the chemical 
and structural characteristics of the water-soluble polysaccharides isolated from the 
submerged fermentation of mushroom mycelium. In addition, small scale and 
scale-up production of mushroom polysaccharides with the same carbon sources had 














重）爲灰樹花2.1 g/L、茶薪菇5.9 g/L、虎奶菇6.6 g/L，胞外多糖產量（乾重） 










水提取物產量（乾重）分別爲每克菌絲體65.0，76.8，63.6, 77.5及45.8 mg。不同 
於胞外多糖，其主要化學成份爲葡萄糖及微量之甘露糖及半乳糖。虎奶菇菌絲 
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CHAPTER 1 INTRODUCTION 
1-1 Edible mushrooms 
1.1.1 Classification and terminology 
According to Singer (1961), fungi could be classified into four classes: 
Phycomycetes, Ascomycetes, Basidiomycetes and Fungi Imperfecti. Most 
mushrooms belong to Basidiomycetes which produce spores on the exterior of 
microscopic club-shaped cells called basidia while the other minor ones belong to the 
class Ascomycetes that produce spores spread by the wind (Jordan, 1999) and found 
inside microscopic saclike mother cells called asci (Arora, 1986). They are also 
referred to as Eumycetes, Carpomycetes or Higher Fungi (Singer 1961). Mushrooms 
and toadstools have many definitions obtained from amongst previous studies (Table 
1.1). Both mushrooms and toadstools accounting for about 12,000 species are fleshy 
fruiting body producing fungi in which mushrooms represent the edible ones while 
toadstools represent the inedible and poisonous ones (Miles et al., 1997). 
H h k , 仏 . 1 
Table 1.1 Some definitions on mushroom and toadstool 
Definition Source 
The mushroom belongs to the basidiomycetes, and 
toadstool is regarded as a synonymous term, since 
丄 . . . , ” . . Atkinson (1961) 
there is, strictly speaking, no distinction between a 
mushroom and a toadstool 
A mushroom may be edible, poisonous, 
unpalatable, tough, etc., but popular usage applies 
, ,,• , , Snell et al.(\91\) 
the term to edible ones, calling the others 
"toadstools". 
Mushrooms refer to both epigeous and hypoeeous 
, u , . f . Chang etal (1978) 
fruiting bodies of macroscopic fungi. 
Mushrooms and toadstools are terms rather loosely 
applied to the fruiting bodies of fleshly gill-fungi, 
, , ， ’ Pegler (1983) 
ana are commonly used to denote edible and 
poisonous species respectively. 
Mushroom is any fungus which produces a fleshy 
‘ 」 J Arora(1986) 
iruiting body. 
Mushroom is a fleshy, spore-bearing organ of the 
fungi and it may belong to either the class Chang et al. (1989) 
Ascomycetes or Basidiomycetes 
Mushrooms are the edible, spore-producing bodies 
of some fungi and toadstools are the 
, . U d ^ • u Jordan (1999) 
spore-producmg bodies of those fungi that are not 
only inedible but may also be highly dangerous. 
2 
1.1.2 Mode of nutrition 
Mushrooms, like other fungi, contain no chlorophyll for manufacturing their 
own food by photosynthesis. They are heterotrophs and feed themselves by 
absorbing soluble inorganic or organic matters and digesting other organic matters 
、(Chang et al., 1989). They may be parasitic, saprophytic or mycorrhizal (Arora, 
1986). Parasitic mushrooms feed on living organisms and cause harm to the host. 
Cordyceps species (on insects, insect pupae, insect larvae and other fungi), 
Asterophora and Hypomyces species (on other mushrooms), various polypores (on 
trees) and Spar as sis crispa (on tree roots) belong to this type of mode of nutrition 
(Arora, 1986). Saprophytic mushrooms support their lives on dead or decaying 
matters such as wood，humans, soil, grass, gung, and other debris. For instance, 
Marasmius oreades is a saprophytic mushroom grown on lawns. Mycorrhizal 
mushrooms are symbiotic or mutually beneficial to the rootlets of plants called 
mycorrhiza (Arora, 1986). Many mycorrhizal mushrooms are host-specific while a 
tree may have several mycorrhizal mushrooms. For instance, Suillus pungens and 
Amanita rubescens grow on Monoterey pine and live oak, respectively and over fifty 
species of mycorrhizal mushrooms have been found in an isolated common conifer 
in America and Canada, named Pseudotsuga menziesii or Douglas-fir in common 
(Arora, 1986). 
1.1.3 World consumption 
According to Chang (1999)，out of the 12,000 fungal species which produce 
fruiting bodies of sufficient size and suitable texture to be considered as mushrooms, 
only 50% of them are considered to be edible and only seven to eight out of 35 
species that are commercially cultivated are produced in an industrial scale. In early 
3 
times, wild-growing mushrooms were consumed instead of industrially cultivated 
ones. In Munich, around two million pounds of wild-growing mushrooms were sold 
during the summer and fall of 1901 (Krieger, 1967). In addition, over thirty-eight 
million pounds were imported to United States during a period of five years (Krieger, 
1967). This was already a tremendous amount of mushroom consumption even 
though only wild-growing mushrooms were available. The world production of 
cultivated mushrooms was increased from 341,000 metric tons in 1965 to 4,909,300 
metric tons in 1994 with an average increase of 11.8% annually (Chang, 1999). 
Figure 1.1 shows the increase of the world production of ten most popular species of 
cultivated edible mushrooms from 1981 to 1997. Agaricus bisporus (31.8%), 
Lentinus edodes (25.4%) and Pleurotus spp. (14.2%) belonged to the top 3 most 
popular ones in 1997. In recent years, there are several new commercially cultivated 
mushrooms including Hericium erinaceus (Bull.:Fr.) Pers.’ Dictyophora indusata 
(Vent.:Pers.) Fischer, Stropharia rugo so annulata Farl. Apud Murr., Lepista nuda 
(Bull.:Fr.) Cookt, Agrocybe aegerita (Brig.) Sing., and Pleurotus citrinopileatus Sing 
(Chang, 1999). The world production of Volvariella volvacea has increased from 54 
x 10
3
 metric tons in 1981 to 180.3 x 10
3
 metric tons in 1997. The production of V 
volvacea was ceased in Hong Kong about a decade ago until the discovery of using 
cotton wastes for the production of V volvacea (Chang et al., 1989). Finding newer 
ways of mushroom production is very important for fulfilling the increasing world 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1-1.4 Nutritional values of edible mushroom 
Apart from its delicious taste, the nutritional values of edible mushroom are 
also remarkable. Many mushrooms contain high protein (about 10-30%), high 
carbohydrate (about 50%), high fiber (about 10-20%) and low fat (lower than 10%) 
contents (Table 1.2). In terms of protein, the nutritional value of mushroom is 
comparable or even higher than many other foods including wheat (13.2%), soybean 
(39.1%) and milk (25.2%) (Chang et al., 1989). Crude protein content is only an 
estimation to the nutritional value of a food. Another important nutritional factor is 
the content of essential amino acids (lysine, methionine, trytophane, theonine, valine, 
leucine, isoleucine, histidine and phenylalanine). Many mushrooms are also good 
sources of essential amino acids (EAAs) which comprised 25-40% of the total amino 
acid content of mushrooms (Crisan et al., 1978). When compared with those of hen's 
egg, some of them even contain all the nine EAAs (Table 1.3). Generally, the most 
abundant EAAs of the mushrooms are leucine and lysine while the limiting EAAs 
are tryptophan and methionine (Table 1.3). It was found that the E A A contents and 
amino acid contents of most nutritive mushrooms were comparable to those of meat 
and milk but significantly higher than those of most legumes and vegetables in terms 
of their essential amino acid indexes and amino acid scores (Crisan et al,, 1978). 
However, many mushrooms were limited in sulfur-containing amino acids. Moreover, 
it has been reported that mushroom is a good source of thiamine (vitamin Bl), 
riboflavin (vitamin B2), niacin, biotin and ascorbic acid (vitamin C) as shown in 
Table 1.2 (Crisan W a/., 1978). It has been suggested that 100-200 g dry wt. of 
mushrooms are sufficient to maintain the nutritional balance in a normal human 
being (70 kg), provided that mushrooms are not consumed as the sole sources of 
protein (Crisan et al., 1978). The fat content of common cultivated mushrooms is 
usually lower than 5% (Table 1.2) of which at least 72% of the total fatty acids are 
unsaturated ones that are essential to our health (Chang, 1999). 
6 
1.1 -5 Medicinal values of mushrooms 
The medicinal values of mushrooms have attracted intense many research 
interests in recent years. Traditionally, many mushrooms such as Ganoderma 
lucidum and Pleurotus tuber-regium were used as a medicinal material in China and 
ail over the world. The sclerotium of P. tuber-regium was used as an important 
medicine for treatment of headache, stomach pain, fever, cold, chest pain, dropsy, 
smallpox and etc. in Nigeria (Oso, 1977). Ganoderma lucidum, in Chinese "Linzhi", 
was regarded as a miracle drug in China in the past by the Imperial and it has been 
highly valued as a “cancer cure" (Mizuno et al., 1995). Other mushrooms with 
medicinal values being studied in recent years include Lentinus edodes, Pleurotus 
ostreatus, Ganoderma spp., Volvariella volvaceae, Flammulina velutipes, Tremella 
faciformis, Hericium erinaceum, Cordyceps sineusis and Poria cocos (Feofilova, 
1998). Many reports have shown that mushrooms contain substances which have 
potent medicinal activities such as immunomodulation, anti-cancer, antioxidant, 
blood pressure-lowering, hypocholesterolaemic, liver protective, antifibrotic, 
anti-inflammatory, ant-diabetic, antiviral and antimicrobial activities (Ooi et al,, 1999; 
Wasser et al. 1999a, b). Many different pharmacological components have been 
isolated from mushrooms. Erithadenine, or so called lentisin or lentinacin, which is a 
2,3-dioxy-4(9-adenyl)-butyric acid, extracted from L. edodes has been found to be 
effective in lowering the blood cholesterol level in rats when consumed as food 
(Shimada et al., 2003). Another pharmacological mushroom components is the 
lectins (Wang et al., 1998), which are proteins of non-immunoglobulin nature, 
capable of specific recognition and reversible binding to carbohydrate moieties of 
complex carbohydrates, without altering the covalent structure of any of the 
recognized glycosyl ligands (Kocourek et al., 1983). Lectins have been investigated 
7 
largely for their immunomodulatory and antitumor or cytotoxic activities (Wang et 
a/., 1998). Currently, another group of bioactive components from mushrooms that 
has aroused the interest of scientists is the polysaccharides. The most potent 
biological activity of the mushroom polysaccharides is the antitumor actions. Many 
mushroom polysaccharides are regarded as antitumor agents that function as host 
defense potentiators or biological response modifiers for inhibiting tumor growth 
(Franz, 1989; Jong et ah, 1991; Ooi et al., 1999). More detail on mushroom 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































1.2 Mushroom mycelium 
1.2.1 Uses and applications 
Mycelium, a loosely packed hyphae composed of threadlike cells, is invisible 
to naked eye unless it bundles to form rhizomorphs (Aora, 1983). For supporting the 
growth of the mycelium and the mushroom, enzymes are secreted from the tips of 
mycelial hyphae for digesting the food outside the cells (Aora, 1983). For research 
purposes, pure culture of mushroom mycelium should be used. It could be obtained 
by sub-culture (obtained from other pure culture), single-pore culture (derived from 
the isolation of single sexual spores from the mushroom), multi-spore culture 
(cultured from the germination of many spores of a mushroom fruiting body) and 
tissue culture methods (isolated tissue from a mushroom fruiting body) (Chang et al,, 
1982). In order to culture mycelium and obtain its metabolites, solid state and 
submerged fermentation are used. Generally, solid state fermentation was used in 
cultivating mycelium only since recovering metabolites from solid compose is a 
complex process. Solid state fermentation is mainly used to convert industrial waste 
into valuable mushroom fruiting bodies. For instance, industrial coffee residues (Fan 
et al., 2000) and waste pomace from oliver processing (Haddadin et al., 1999) were 
used to cultivate Pleurotus ostreatus, According to Eyal (1991), four main fields of 
industrial applications of mushroom mycelium have been investigated by submerged 
fermentation. Firstly, it could be used for human and animal consumption as food 
and as mushroom-flavoring agents. Dry powder of edible mushroom mycelium is 
now used in many countries as a valuable and versatile food additive to soups, sauces, 
vegetable and meat concentrates, sausages and semifinished meat products and even 
special drinks in Japan. This is because mycelial filaments have various sizes and 
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texture which make them easy to be introduced to different kinds of foods (Feofilova, 
1998). Secondly, it could be used for the production of spawn for the cultivation of 
mushroom fruiting bodies. Thirdly, it could be used for the production of some 
chemical specialties such as water-soluble polysaccharides, vitamins, organic acids, 
nucleotides and enzymes. Lastly, it could be used for the production of therapeutic 
compounds such as antibiotics, anticancer agents and antiviral agents. Since 
mushroom mycelium has comparable nutritive value, medicinal value and industrial 
value to mushroom fruiting bodies but having a shorter cultivation period, it is a 
valuable commodity to be explored. 
1.2.2 Submerged fermentation (SmF) 
Submerged fermentation (SmF) is a method used for the production of 
micro-organisms including mushroom mycelium in synthetic defined medium, 
complex medium or on a variety of waste substrates without the stage of sporulation 
of the mushroom during the fermentation process (Eyal, 1991). This technique was 
started in 1950's and was first reported by Humfeld (1948) for the production of 
mycelium of a mushroom, Agaricus campestris. As mentioned in 1.2.1, SmF of 
mushroom mycelium is use for producing many useful materials which could be 
obtained either from the chemical extraction of mycelium or from the culture 
medium. Table 1.4 shows some enzymes which are produced by edible mushrooms 
using SmF. Ligninolytic enzymes including cellulases and laccases are commonly 
found in Pleurotus spp. for their survival on woody plants. Mushroom flavours can 
also be produced by SmF. The flavour volatile profile of mycelium of Agaricus 
bisporus was found to be similar to its fruiting body except for the concentration of 
each component (Mau et al, 1999). The most potent flavour volatile of A. bisporus 
isolated from culture medium was l-octen-3-ol (Mau et al., 1999) which is also a 
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major contributor to mushroom flavour found in Pleurotuspulmonarius (Assaf et al., 
1995) and is described as mushroom-like, butter-like, fungal and resinous (Hadar et 
al, 1991). 
Polysaccharides are another large group of chemical specialties which can be 
obtained from the mushroom mycelium through the process of SmF. Polysaccharides 
arouse the attention of scientists in recent years. Different kinds of polysaccharides 
obtained from fruiting bodies, mycelium and culture medium were reported to 
possess some biological activities such as antitumor, hypocholestrolemic, 
hypoglycemic, antiviral or antibacterial effects. More details about biological-active 
polysaccharides will be discussed further in 1.3.1. Polysaccharides can be either 
extracted from the mycelium itself or isolated from the culture medium which are 
known as exo-polysaccharide (EPS). Many studies are trying to optimize the 
production of polysaccharides from mushrooms using SmF under different 
extracellular nutritive or environmental conditions. Approaches on optimization of 
the production of mycelium and polysaccharides will be further discussed in 1.2.4. 
Table 1.4 Previous studies on producing some useful enzymes by submerged 
fermentation of mushrooms 
Enzyme Species Source 
Amyloglucosidase Termitomyces clypeatus Khowala et al. (1992) 
p-glucosidase Volvariella volvacea Cai et al. (1998) 
Pleurotus sajor-caju Tan et al. (1997) 
Cellulase Cantharellus cibariu Dahm et al (1999) 
Pleurotus sajor-caju Tan et al. (1997) 
Pleurotus ostreatus Ardon et al. (1996) 
Pleurotus pulmonarius Masaphy et al. (1992) 
Laccase Tricholoma giganteum Wang et al (2004) 
Cantharellus cibarius Ng et al (2004) 
Pectinase Cantharellus cibariu Dahm et al. (1999) 
Peroxidase Coprinus spp. Ikehata et al (2004) 
Proteinase Cantharellus cibariu Dahm et al. (1999) 
Xylanase Termitomyces clypeatus Khowala et al. (1992) 
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1-2.3 Factors affecting the growth of mycelium in 
submerged fermentation 
The growth rate of mycelium can be affected by many factors including the 
nutritional requirements and environmental factors. Nutritional requirements include 
carbon, nitrogen and mineral sources, etc. while environmental factors include 
temperature, aeration, agitation (shaking rate), etc. Many studies have been 
conducted to changing these conditions so as to achieve different goals including 
enhancing the production of useful polysaccharides and yield of mycelium. Details 
are discussed in the following sections. 
1.2.3.1 Nutritional requirements 一 Carbon sources 
Carbon sources provide the structural substances and energy requirements for 
the growth of mushrooms. Mushrooms can utilize a variety of carbon sources 
including various monosaccharides, disaccharides, polysaccharides, organic acids, 
amino acids, certain alcohols, polycyclic compounds and natural products such as 
lignin (Chang et al., 1989). The growth rate of mushroom mycelium may be affected 
by the availability of different carbon sources. Jonathan et al. (2001) had 
demonstrated that the yield of mycelium of Psathyerella atroumbonata (Pegler), a 
Nigerian edible mushroom, cultivated by submerged fermentation depended on the 
different carbon sources in the medium. The mycelium of P. atroumbonata (Pegler) 
grew best in glucose (210 g dry wt./L) and mannose (173 g dry wt. /L) but grew 
poorly in sorbose (50 g dry wt./L) and myo-inositol (50 g dry wt./L). The mycelium 
of another mushroom, Tremella mesenterica, (Wasser et al., 2003) had a different 
requirement for carbon sources compared to that of P. atroumbonata by having the 
highest yield in mannitol (13.0 g dry wt./L) and glycerol (12.4 g dry wt./L) after 
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6-day fermentation. Apart from affecting the growth rate of mycelium, carbon 
sources also affect the production of EPS as seen in Table 1.5. The best carbon 
source for the production of mushroom mycelium is not necessary to be the best 
carbon source for the production of EPS (Table 1.5). The production of mushroom 
mycelium and EPS may both be affected by the source of carbon but may not have 
any direct relationship. Sucrose is found to be the best carbon source for most 
mushrooms in the production of EPS. According to Fan et al. (2003), disaccharides 
seemed to be beneficial to the production of EPS in A. brazei due to the relative ease 
of their polymerization. Hence, one of the objectives of this study is to understand 
the influence of carbon sources on production of mycelium and polysaccharides 
including those extracted by hot water extraction from mycelium and EPS from the 
culture medium. 
Table 1.5 The best carbon sources for the production of mycelium and 
exo-polysaccharides (EPS) of some edible mushrooms 
Species Best carbon source Best carbon source 
for the production of for the production 
mycelium (Yield in g of EPS (Yield in g 
dry wt./L) dry wt./L) 
^Agaricus blazei Glucose (4.244) Sucrose (0.0694) 
Auriculaariapolytricha Fructose (7.28) Sucrose (1.03) 
cCordyceps militaris C738 Dextrose (8.94) Sucrose (0.65) 
APaecilomyces japonica Maltose (6.85) N A 
&Paecilomyces Sinclairii Sucrose (12.6) Sucrose (1.3) 
fPaecilomyces tenuipes C240 Maltose (0.72) Glucose (0.82) 
gPhellinus gilvus Fructose (10.8) Glucose (1.8) 
Phellinus linteus LI3202 Glucose (9.0) N A 
xPsathyerella atroumbonata (Pegler) Glucose (210.0) N A 
]Tremella mesenterica Retz.:Fr. Mamiitol (13.0) Sucrose (11.2) 
aFan et al. (2003); bXu et al. (2003b); cKim et al. (2003b); dBae et al (2000); eKim et al. (2002c); 
fXu et al. (2003a); 8Hwang et al. (2003); hLee et al. (1995); Jonathan et al. (2001); 
jWasser et al. (2003) 
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1-2.3.2 Nutritional requirements 一 Nitrogen sources 
Nitrogen is needed for producing proteins, purines, pyrimidines and chitin in 
mushrooms (Chang et al., 1989). Ammonium ion, nitrate and organic nitrogen can be 
the nitrogen sources for the growth of mycelium. However, many studies have found 
that organic nitrogen including yeast extract, peptone and corn steep powder should 
be a better nitrogen source for the growth of mushroom mycelium due to the addition 
of growth factors in trace amounts. The mycelial yield of Cordyceps militaris C738 
was higher than 10 g dry wt./L in medium containing organic nitrogen including corn 
steep powder, meat peptone, polypeptone, soypeptone and yeast extract. On the other 
hand, the mycelial yield of C. militaris was as low as 2.42 to 4.48 g dry wt./L in 
medium containing various ammonium salts (Kim et al., 2003b). The mycelium of 
Paecilomyces japonica also grew better in organic nitrogen including yeast extract, 
meat peptone, trytone, polypeptone and bacto-peptone while inorganic nitrogen 
sources including varies ammonium salts and nitrates could not well support the 
growth of the mycelium (Bae et al., 2000). 
1.2.3.3 Nutritional requirements - Minerals 
Potassium (as a co-factor of some enzyme systems), magnesium (activator of 
many enzymes), sulphur (for production of sulphur-containing amino acids, thiamine, 
biotin and some other metabolites) and phosphorus (for production of ATP, nucleic 
acids phospholipids of membranes) are minerals essential to the growth of mushroom 
mycelium (Chang et al., 1989). In order to provide the above four minerals, many 
studies had used potassium phosphate to provide potassium and phosphorus, and 
magnesium sulphate to give magnesium and sulphur for the SmF of mycelium. 
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1-2.3.4 Environmental factors 一 Temperature 
In general, the higher the temperature, the faster the growth of the mushroom 
mycelium due to the fact that enzymatic and metabolic rates increase with higher 
temperature. However, too high temperature may inactivate some enzymes which 
may be important for producing some essential biomolecules such as vitamins and 
thus inhibit the growth of the mycelium. Many mushroom mycelia could have high 
growth rate at around 25-30°C (Zervakis et al., 2001). Yang et al. (1998) found that 
the yield of EPS of Ganoderma lucidum was the best at 30-35°C and the yield was 
significantly affected by increasing to 40。C or even by decreasing to 25 °C. However, 
the optimal temperature for the production of mycelium and EPS may be different. 
Kim et al (2002c) demonstrated that the optimal temperature for the production of 
mycelium and exo-polysacchardes of Paecilomyces sinclairii were 30°C and 25。C, 
respectively. Yang et al (2002) found that the mycelium of Auricularia polytricha 
grew best at 20-25°C while its production of EPS was the best at 30°C. Therefore, 
temperature is a important factor to be controlled in the cultivation of mushroom 
mycelium and EPS. 
1.2.3.5 Environmental factors 一 Aeration 
Aeration could be a beneficial factor to the growth of mycelium (Kim et al, 
2003a). The mycelial and EPS yield of Paecilomyces sinclairii was significantly 





which the mycelial and EPS yield increased from 17.15 g dry wt./L to 44.9 g dry 
wt./L and from 8.00 g dry wt./L to 爾.89 dry wt./L, respectively by increasing the 
aeration rate (Kim et al., 2003a). The morphology of the mycelium of i5 sinclairii 
was different in different aeration rate in which the hyphal length was the longest at 
an aeration rate of 0.5 v.v.m while the hyphal density was highest at an aeration rate 
of 3.5 v.v.m. (Kim et al., 2003a). 
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1.2.3.6 Environmental factors - Agitation 
Agitation is using done by orbital vibration in shake-flask in a shaker or by 
stirring or air lifting in fermentors. Agitation is required for efficient mixing, mass 
and heat transfer. However, agitation also creates shear forces which cause 
morphological changes, variation in the growth and product formation of mycelium, 
and even damage the cell structure of mycelium (Kim et al., 2003a). Kim et al. 
(2003a) demonstrated that the agitation rate affected the biomass of mycelium and 
EPS of Paecilomyces sinclairii in which the biomass of mycelium and EPS were 
23.4 g dry wt./L and 7.75 g dry wt./L, respectively at 50 rpm while those were 30.5 g 
dry wt./L and 11.50 g dry wt./L, respectively at 250 rpm. It was found that the newly 
formed polysaccharide might shield the surface of mycelium and slowed down the 
rate of production of EPS in Ganoderma lucidium and a higher aigitation rate gave a 
higher production of EPS (Yang et al,, 1998). However, the yield of EPS decreased 
when the rotation rate was higher than 150 rpm due to the increase of shearing force 
on the mycelium. It could be seen that appropriate agitation is important in the 
growth of mushroom mycelium and production of EPS. 
1.2.4 Optimization of growth of mycelium and 
production of EPS 
Investigation on finding a suitable condition for the growth of mushroom 
mycelium can shorten the time for mushroom fruiting body cultivation and improve 
the production of some useful materials like biological-active polysaccharides, 
proteins, enzymes, etc. The growth of mushroom mycelium can be enhanced by 
improving the nutritional and environmental factors as discussed previously (1.2.3). 
Studies on the optimization of growth of mycelium and production of EPS have been 
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mainly focused on the factors of nutritional requirements, especially on the effects of 
carbon and nitrogen sources as well as the ratio of carbon to nitrogen. Many 
researches used different kinds of carbon sources including monosaccharides, 
disaccharides, oligosaccharides and polysaccharides such as corn starch, cellulose, 
lignin Qtc. Flammulina velutipes was found to grow best on agar with mannitol as the 
carbon source and glutamic acids as the nitrogen source (Song et al., 1995a). Table 
1.5 shows the best carbon sources for the production of mycelium and EPS of some 
mushrooms. Phellinus linteus LI03202 was found to grow best in medium 
containing glucose with a yield of 9.0士0.4 g dry wt./L and the yield of hot water 
extract (polysaccharide) was the highest from the mycelium grew in medium 
containing mannose with a polysaccharide yield of 13.70±1.02% by weight. For 
nitrogen sources, amino acids, ammonium salts, nitrate, some complex sources like 
meat-peptone, yeast extract, trytone, were used in the optimization of the production 
of mycelium and EPS of mushrooms. As discussed in 1.2.3.2, many studies found 
that organic nitrogen sources were better than inorganic ones for the growth of 
mushroom mycelium. Apart from the carbon and nitrogen sources, many studies tried 
to obtain the optimal production of mycelium and EPS by changing the 
carbon-to-nitrogen ratio. Flammulina velutipes was found to grow best on agar at a 
C/N ratio of 180:1 (Song et al,, 1995a). Pleurotus ostvecitoroseus was found to 
produce the highest yield of EPS with 9.7 g dry wt./L at a C/N ratio of 24:1 (Rosado 
et al., 2003). For the case of the Paecilomyces sinclairii, it was found that the 
mycelium grew best at a C/N ratio of 20:1 (30 g dry wt./L) while the highest yield of 
EPS was found at a C/N ratio of 12:1 (2.7 g dry wt./L) (Kim et al., 2002c). In another 
study, the best C/N ratio for the production of both mycelium and EPS was found to 
be 20:1 with a yield of 27.00 g dry wt./L and 6.99 g dry wt./L, respectively (Park et 
al., 2001). Generally, it was found that the higher the C/N ratio, the better the 
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production of mycelium and EPS. However, the C/N ratio could reach a maximum 
beyond which a decrease of the production of mycelium and EPS was observed. It 
was support by the study by W u et al. (2004) which found that the mycelial yield of 
PTR in medium of glucose could be increased by increasing C:N ratio from 6:1 to 
24:1 and then decreased by increasing C:N ratio from 24:1 to 96:1 (Wu er ^/., 2004). 
Apart from changing one factor at a time in the experiments, some statistical 
and mathematical methods have been developed for the optimization of the 
production of mushroom mycelium and EPS. Orthogonal matrix method is one of the 
methods which can optimize several factors in each experiment. In the study of 
optimization of the production of mycelium and EPS of Paecilomyces tenuipes C240, 
the orthogonal matrix method was used to investigate the optimal concentration of 
glucose, KN0 3, MgS0 4-5H 20 and K 2HP0 4 in one group of experiment (Xu et al, 
2003a). This method could reduce the original full-set 162 experiments to a total of 
64 experiments including replicates. From this experiment, the optimal concentration 
of glucose, KN0 3, MgS0 4-5H 20 and K 2HP0 4 for the mycelial growth was found to 
be 4%, 0,6%, 0.1% and 0.1%, respectively while that for the production of EPS was 
found to be 3%, 0.4%, 0.1% and 0.1%, respectively (Xu et al., 2003a). 
Statistical programme has been also used for the experimental design for the 
optimization of production of mycelium and EPS. Rosado et al (2003) used a 
statistical programme to design an experiment set which included 4 treatments 
concerning a total of 2 factors which were the concentration of glucose and 
ammonium sulphate so as to predict the optimal concentrations of carbon and 
nitrogen sources for the production of EPS of Pleurotus ostreatoroseus. It was found 
that the predicted value of EPS yield by statistically programme was similar to the 
observed value by experiments in which the optimal concentrations of glucose and 
ammonium salt were 60.0 g dry wt./L and 2.5 g dry wt./L, respectively. 
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1.3 Mushroom polysaccharides 
1-3.1 Biologically active mushroom polysaccharides 
Mushroom polysaccharides can be obtained either by hot water or chemical 
extraction including acid and alkali from the fruiting bodies, sclerotia and mycelia or 
by isolation from the culture medium of SmF of mycelium (EPS). Many mushroom 
polysaccharides isolated possess some biological activities. Table 1.6 shows some 
previous studies on the extraction of medicinal mushroom polysaccharides from 
different parts of some mushrooms and the culture medium of their mycelium. 
Mycelium and its culture medium could also be good sources of medicinal 
polysaccharides. For instance, the mycelium of Flammulina velutipes could have a 
hypocholesterolemic effect (Remesova et al., 1999) and the polysaccharide from the 
culture medium of mycelium of Grifola frondosa could have a immunological 
enhancing effect (Zhuang et al., 1999). Therefore it is worth to study how different 
growing conditions can affect the production of mushroom mycelial polysaccharides. 
1.3.2 Chemical structures of mushroom 
polysaccharides 
Four major kinds of mushroom polysaccharides could be found in 
basidiomycetes including (3-glucans, a-glucans, mannans and protein-bound 
polysaccharides. Other than the above four main kinds of polysaccharides, some 
other heterglycans could also be found in basidiomycetes. Details of their structures 
are discussed in the following sections. 
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Table 1.6 Sources of medicinal polysaccharides from some edible mushrooms 
Species Physiological part Biological activities 
Agaricus blazei Fruiting body Antitumor effect 
Culture medium Antitumor effect 
Agrocybe cylindracea Fruiting body bHypoglycemic effect 
Antrodia camphorata Fruiting body mAnti-hepatitis B virus effect 
Mycelium
 m
Anti-hepatitis B virus effect 
Auricularia polytricha Culture medium -^Hypolipidemic effect 
Flammulina velutipes Mycelium hHypocholesterolemic effect 










Free radical scavenging effect 
Proliferation of fibroblasts 
enhancing effect 
8
Collagen biosynthesis enhancing 
effect 
Lentinus edodes Culture medium Antibacterial effect 
Pleurotus tuber-regium Sclerotia aProposed Antitumor effect 
Volvariella volvacea Culture medium 'Hypocholesterolemic effect 
"Zhang et al., 2001; bKiho et a/.;cUkawa et al., 2000; dAdachi et al., 1987; eZhuang et al., 1999; 
fZhuang et al., 1994; 8Lee et al., 2003; hRemesova et al., 1999; theung, 1996; jYang et al., 2002; 
kFan et al, 2003; 'Hatvani, 2001; mLee et a/., 2002 
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1.3.2.1 p-glucans 
(3-glucans are polymers of glucose which are one of the most important groups 
of polysaccharides that could be purified from fungi and yeasts (Tzianabos, 2000). 
They are homopolymers which are composed of glucose only. Many P-glucans from 
mushroom sources generally have a P-(l->3) linked glucose backbone with p-(l->6) 
branches of (3-(1->3)-glucans. Such structure has been proposed to be an important 
requirement for anticancer actions (Franz, 1989). Lentinan (extracted from Lentinus 
edodes) is the first polysaccharide prepared to stimulate macrophages that is a 
homoglycan with a P-D-(l->3)-glucan backbone and P-D-(l->6)-glucan side chains 
having molecular weight of about 1000 kDa (Sasaki et al., 1976). Another P-glucan 
which has similar structure could be extracted from Sparassis crispa, an edible and 
medicinal mushroom recently cultivated in Japan (Ohno et al.y 2002). This 
mushroom polysaccharide has a 1,3-glucan main chain having 1,6- branched glucose 
side chain approximately one in every third main chain unit (Ohno et al., 2000). 
Some highly branched (l->3)-P-D-glucans including the polysaccharide extracted 
from Omphalia lapidescens containing two branches in every three main chain units 
(Ohno et al., 1992) showed no antitumor effects. Some cold alkali-soluble (1—6) 
branched (1—3)-P_D-glucans extracted from a premixed edible mushroom powders 
of Hysizygus marmoreus, Flammulina velutipes, Grifola frondosa and Lentinus 
edodes gave a stable conformation of single helix after neutralization that had potent 
effects on macrophage activation in terms of nitric oxide production (Sawai et al., 
2002). Volvariella volvacae also contained (1—6) branched (l~^3)-P_D-glucans that 
was structurally heterogeneous in terms of a combination of less branched, 
moderately branched and highly branched segments in the polysaccharides. (Kishida 
et al., 1989). Apart from (l->3)-p-D-glucan being as the backbone of the 
polysaccharide, (1 ^ 6)-P~D-glucan could also be the backbone in the 
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polysaccharides extracted from some mushrooms. Polysaccharide extracted from 
Agaricus blazei had a (1—6)-p-D-glucan with branches of (143)-(3 (Dong et al‘, 
2002). In the genus Pleurotus, a (l->6) branched (l->3)-p-D-glucan could be 
extracted from P. tuber-regium (Deng et al, 2000). Table 1.7 and 1.8 show 
methylation analysis of the water-soluble fraction and major water-insoluble fraction， 
respectively from EPS produced by different Pleurotus species indicating that the 
extracellular (l->4)-glucan was present in the water soluble fraction of Pleurotus 
species (Gutierrez et al., 1996). This showed that apart from and 
(l->6)-P-linkages, other linkages were possible in polysaccharides of mushrooms. 
Polysaccharides extracted from Grifola frondosa, it was even composed of a-1,4-, 
a-1,6-, (3-1,6, and (3-1,3-linkages (Ohno it am 1985). 
Table 1.7 Methylation analysis of the water-soluble fractions from extracellular 
polysaccharides produced by different Pleurotus species 
Unit type Molar abundances (%) 
PCO* PER PFL POS PPU PSA 
Manp-(l-> 5 17 28 17 23 35 
Glc^-(l-> 24 19 7 13 14 7 
->2)-Man^-(l-> 3 12 12 9 4 12 
->4)-Glcp-(l-> 48 33 25 49 43 12 
->6)-Gal/?-(l-> 10 5 10 1 7 20 
->2,6)-Man 2 5 7 5 3 6 
~>4,6)-Glc;>(l— 8 3 3 5 3 0 
->2,6)-Gal^-(l-> 0 3 7 1 3 9 
* PCO = Pleurotus cornucopine, PER = P. eryngii, PFL = P. floridanus, POS = P. ostreatus 
PPU — P. pulmonarius, PSA = P. sajor-caju. (Gutierrez et al., 1996) 
Table 1.8 Methylation analysis of the major water-insoluble fractions from 
extracellular polysaccharide produced by different Pleurotus species 
Unit type Molar abundances (%) — ‘ 
PCO* PER PFL POS PPU PSA 
Glc/?-(l-> 28 29 27 29 30 28 
—3)-G1c/H;1""> 46 44 48 49 43 46 
->3,6)-010/>-(1-> 26 27 25 21 27 26 
* PCO = Pleurotus cornucopine, PER = P. eryngii, PFL ； P. floridanus, POS = P. ostreatus 
PPU = P. pulmonarius, PSA = P. sajor-caju. (Gutierrez et al., 1996) 
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1.3.2.2 a-glucans 
Non-starch a-glucans are seldom found in mushroom, but there are some 
exceptions. A linear (l->3)-a-glucan of molecular weight about 560,000 M W could 
be obtained from Agrocybe cylindracea (Kiho et al., 1989). This a-glucan showed an 




 (Yoshida et al, 1996). A linear (l->3)-a-glucan could also been found in 
Amanita muscaria (Yoshida et al., 1996) with a molecular weight of about 1.00x10s. 
A (1—3)-a-glucan which was found to increase peripheral blood leukocytes and 
spleen weight in cyclophosphamide-induced leucopenic mice could also be isolated 
from Hypsizygus marmores (Motoi et al., 2003). Another (l-^3)-a-glucan with 
branching at C-6 could be found in the fruiting bodies of mushroom Pleurotus 
ostreatus (Hyang et al, 2000). Two a-glucans could be isolated from the fruiting 
body of an edible mushroom, Termitomyces eurhizus, in which one of them was 
composed of ->l)-a-Glc-(6-> and ->l)-a-Glc-(3-> linkages in a ratio of 2.5:1 with a 
molecular weight of about 9000 M W while the other one was purely composed of 
->l)-a-Glc-(6-> linkage with a molecular weight of about 6000 M W (Mondal et al., 
2004). (l->3)-a-glucan, which co-exists with (3-glucan，could also be extracted in 
Lentinus edodes. It showed a potent antitumor agent after sulfation and the sulfated 
(1—3)-a-glucan had a molecular weight of 1.61 x 10
5
 which was 57% of the original 
(Zhang et al, 2002). It was interesting to note that there were very few previous 
studies on the biological actions of non-starch a-glucans. 
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1.3.2.3 Mannans 
Mannans are mainly composed of mannose residues in the backbone of the 
polysaccharides. Most of the mushroom mannans have a (1—2)_P glycosyl-linkage 
backbone. Morchella esculenta, an edible fungi which was used in Chinese medicine 
to treat indigestion, excessive phlegm arid shortness of breath (Ying et al,, 1987)， 
contained a galactomannan which has a backbone of (1—2)-linked mannose residues 
and side chains of (3—6)-linked galactose，（1—4)-linked glucose, (l->6)-linked 
mannose and (2->3)-linked mannose. This galactomannan could enhance the 
activation of transcription factor NF-kappa B which controls the expression of 
multiple genes in activated monocytes and macrophages (Duncan et al., 2002). From 
the hot water extraction of mycelium of Agaricus blazei Mill, produced a 
(l->2)-(3-mannan backbone with (l->6)-P-branched (1—3)_p_glucan which has 
antitumor activity (Mizuno et al., 1999). Apart from (l->2)-p-mannan, 
(l->3)-a-D-mannan extracted from the fruiting body of Tremella fuciformis Berk, an 
edible mushroom harvested in Japan and in China, has also been found to have 
antitumor activity (Ukai et al,, 1977). It was a heteromannan which contained 
(1^2)-(3- and (l->3)-P-linked D-xylopyranose side chains attached to the carbon 
position 2 of the mannopyranose main chain. A extracellular mannan-protein 
complex could also be isolated from submerged fermentation of Agaricus 
brasiliensis mycelium (Fan et al., 2003). 
1.3.2.4 Protein-bound polysaccharides 
Protein-bound polysaccharides or polysaccharide-protein complexes are 
complexes of polysaccharide and protein commonly found in many mushrooms. 
From the polysaccharides extracted from Ganoderma lucidum，both ganoderan B and 
C were found to be a polysaccharide-peptide complex (PSP) in which ganoderan B 
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was a glucan-protein (55.4:44.4 w/w) and ganoderan C was a galactoglucan-protein 
(72.5:25.5 w/w). Both complexes were mainly composed of P-(l-^6)- and 
(3-(l->3)-glucan chains and had a molecular weight of 400,000 (Mizuno et al., 1995). 
Polysaccharide from mushroom Phellinus linteus was also a PSP which contained 
mainly mannose (44.2%), glucose (21.1%), galactose (24.1%) in the polysaccharide 
part and mainly glutamic acid (238.4 nmol/mg) and aspartic acid (220.8 nmol/mg) in 
the protein part (Song et al., 1995b). A total of three fractions of protein-containing 
glycans with antitumor activities were extracted from the mycelium of Ganoderma 
tsugae. They were FI0-a (a glycan-protein complex containing 9.3% protein and 
having a hetero-glyco-chain of mannose and xylose), FI0-b-a (a glucan-protein 
complex containing 25.8% protein with a molecular weight of 10,000) and FI0-l-b-a 
(a glycan-protein complex in a ratio of 42:58 w/w with a molecular weight of 16,000 
and containing mainly glucose with a minor portion of arabinose, mannose, xylose 
and galactose) (Zhang et al., 1994). Five fractions of protein-containing 
polysaccharides could been isolated from Pleurotus sajor-caju. They were a 
protein-containing xyloglucan with a molecular weight of 280,000, a 
protein-containing mannogalactan with a molecular weight of 120,000, a 
protein-containing xylan with a molecular weight of 200,000，a protein-containing 
glucoxylan with a molecular weight of 90,000 and a protein-containing xyloglucan 
with a molecular weight of 70,000. The antitumor activities were tested with the 
previous two fractions possessing the highest activities (Zhuang et al” 1993). 
Polysaccharide-peptide complexes could also be found in Corolus veriscolor and 
Tricholoma lobayense. It was found that the intramycelial and extramycelial 
polysaccharide-peptide complexes could activate mouse lymphocytes and 
macrophages (Wang et al., 1996). They were rich in aspartic acid and glutamic acid 
and had a-1,4 and P-1,6 glycosidic linkages with a molecular weight of 
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approximately 100 kDa (Ng, 1998). The polysaccharide-protein complex from the 
culture filtrates of T. lobayense was composed of 40% polysaccharide, which mainly 
consisted of glucose, galactose, mannose, fucose, arabinose and rhamnose and 
30.05% protein containing 15 amino acids (Liu et al., 1996). 
1.3.2.5 Other heteroglycans 
Other than homoglucans, heteroglycans with mixed sugars in the main chain are 
also present in mushrooms. Both p-(l->3) linkage of glucose and P-(l->3) linkage of 
galactose were present in the polysaccharide extracted from Lyophyllum decastes 
Sing. (Ukawa et al, 2000). It was a heteroglycan that composed of both of the 
glucose and galactose in the main chain. A heteroglycan at a molecular weight of 
1.8xl0
4
 Da, which consisted of an a-(l-^6)-D-galactopyranan backbone with 
P(1 ->6)-D-oligoglucosyl and rhamnoglucosyl branches, could be extracted from the 
fruiting body of the fungus Hericium erinaceus (Jia et aL, 2004). 
1.4 Mushrooms under investigation 
1.4.1 Pleurotus tuber-regium (Fr.) Sing. (PTR) 
Pleurotus tuber-regium (Fr.) Sing. (PTR), also called Lentinus tuber-regium 
(Braun, Wolter, Zadrazil, Flachowsky & Mba, 2000), is a saprophytic (Okhuoya et 
al., 1990) edible mushroom classified as basidiomycete found in the tropic and 
subtropical regions of the world (Zoberi, 1973). PTR was a threatened species in 
West Africa due to deforesting. However, very few studies are targeted on this 
mushroom, especially on the cultivation of PTR sclerotia and mycelia. It was found 
to be the only known Pleurotus species which produces true sclerotium (Isikuemhen 
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et al., 1999). It produces extracellular ligninolytic enzymes for the digestion of wood 
materials (Isikliuemhen et al, 1999). It can convert waste of low nutritional valued 
wastes (wheat straw) into high quality animal feed (Braun et al., 2000). Okhuoya et 
a/. (1990) found that PTR can grow on the bark of a medium-sized tree of the Guinea 
Savanna in Nigeria called Daniella oliveri, causing the infected part to peel off. PTR 
continues to grow on the peeling bark and many other hard or soft wood like 
Mangifera india and Treculia Africana (Isilchuemhen et al, 1999). PTR is different 
from many other Pleurotus species that it forms a large (could be over 50 cm in 
diameter) subterranean sclerotium which is globose to ovoid in shape and in dark 
brown in the outside and white inside (Oso, 1977; Zoberi, 1973). It had been reported 
that the sclerotium of PTR could be formed at 71 days after the inoculation of 10 g 
sclerotium pieces from wild on D. oliveri drill dust (Okhuoya et al., 1990). The 
sclerotium buried in soil could produce fruiting bodies with cinnamon cap up to 10 
cm in diameter (Zoberi, 1973) if it is kept in a warm, humid place (Oso, 1977). In 
Africa, the sclerotium of PTR contained 13.1 % crude fiber and 9.2% protein (Ude et 
al, 2001) with a high quality amino acid profile for humans (Braun et al,, 2000). 
PTR is consumed as an ingredient in soup and as a medicine for treatment of diseases 
like constipation, stomach pain, antidote, smallpox, etc. (Oso, 1977). Apart from the 
potential medicinal use in Africa, the alkali-soluble non-starch polysaccharides (NSP) 
and hot water-soluble NSP from the PTR sclerotium had been reported to have 
anti-tumor effects (Zhang et al., 2004). Apart from inducing sclerotium of PTR in 
laboratory scale, the requirements for the growth of mycelium of PTR using 
submerged fermentation has also been investigated recently. The sclerotium of PTR 
was successfully induced in the laboratory cultivating on drill dust at 29°C for 80 
days by Okhuoya et al. (1990). Cultivated PTR fruiting body and sclerotium have 
been investigated for the potential utilization as food, medicine and animal feed of 
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the fruiting body and sclerotium of PTR (Braun et fl/.，2000). It was found that the 
sclerotium and sporocarps of PTR had high level of protein with high quality amino 
acid profile for humans (Braun et al., 2000). On the other hand, the requirements for 
the growth of sclerotium, sporophore and mycelium of PTR had also been 
investigated. Fasidi et al (1994) and Okhuoya et al (1993) had investigated the best 
nutrient sources for the growth of sclerotium and sporophore of PTR. Fasidi et al. 
(1994) found that the sclerotium of PTR could grow upto 88.8±0.1 cm on rice straw 
while Okhuoya et al. (1993) found that the largest amount of sporosphores appeared 
in a short period of 12 days after a piece of sclerotium of PTR was cultivated in clay 
soil. Fasidi et al. (1994) had investigated the nutrition requirements for the growth of 
mycelium of PTR and they found that glucose and yeast extract provided the best 
mycelium yield when they were used as the carbon source and nitrogen source, 
respectively. Another study found that the mycelium of PTR had its optimal yield at 
around 10 days by submerged fermentation in shake-flasks at 30°C (Wu et al” 2003) 
and it was found to have the best yield at carbon to nitrogen ratio of 36:1 (Wu et al., 
2004). 
1.4.2 Agrocybe cylindracea (AC) 
Agrocybe cylindracea (AC), also called Agaricus cylindraceus, Agaricus aegerita, 
Pholiota agerita (Bi et al., 1993) or Agrocybe aegerita (Arora, 1986), is a 
medium-sized to large edible mushroom containing 6.35% fat, 30.95% protein, 
9.52% ash and 40.24% dietary fibre by dry weight (Manzi et al, 2004). A C can be 
found in the Liaoning, Jilin, Guangdong, Guangxi province in China, as well as in 
other parts of Asia, Europe and North America (Bi et al., 1993). A C usually grows in 
clusters on hardwoods such as willow, poplar, and box elder (Arora, 1986). Its pale 
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yellow brown or pale grayish yellow brown caps are 3-8 cm broad with a long stalk 
up to 5-13 cm (Bi et al., 1993). It can convert wheat straw and cotton waste with a 
bioconversion efficiency of upto 50% (half the ability of Pleurotus spp.) which was 
more efficient than Volvariella volvacea (Philippoussis et al., 2001). Many studies 
have found that the polysaccharides including protein-bound polysaccharide (Hyun 
et al,, 1996)，cylindan (Kim et al,, 1997) and a (l->3)-a-glucan (Yoshida et al, 
1996), extracted from A C possessed anti-cancer effects. Most of the polysaccharides 
extracted exerted immunomodulating activities rather than direct cytotoxicity to 
tumors (Kim et al., 1997; Yoshida et al., 1996). Shon et al. (2001) also showed that 
the extract from A C could possess cancer chemopreventive activity by its 
antimutagenicity effect and increasing the quinine reductase activity which is a phase 
II detoxification enzyme. Other than anti-tumor activity, it was also claimed to have 
hypoglycemic activities (Kiho et al., 1994). The extracelluar and intracellular 
polysaccharides of A C were found to contained mainly glucose and inositol (Kim et 
a/., 1999). 
1.4.3 Grifola frondosa (GF) 
Grifola frondosa (GF) is also called Polyporus frondosus (Jordan, 1999) or "hen 
of the woods" , "dancing mushroom", and "dancing butterfly mushroom" in common 
(Stott et al., 2003) according to its appearance. GF usually grows at the base of the 
trunks of oaks, other deciduous trees, or occasionally on tree stumps (Jordan, 1999) 
commonly in North America (Arora, 1986). Its compounded fruiting body (15-60 cm 
broad) consists a mass of numerous small, overlapping caps (each 2-7 cm broad) 
arising from a common, fleshy, repeatedly branched base (Arora, 1986). GF 
contained 27% dry wt. of protein and a high proportion of unsaturated fatty acids 
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(Stamets, 1993). In addition, it contains various vitamins and minerals including 
vitamins Bl, B2, C, and niacin as well as magnesium, iron, calcium and phosphorous, 
respectively (Stamets et al., 1983). GF is well-known for its antitumor activities. 
Jones (1998) pointed out in an early pilot study from China involving 63 cancer 
patients that G. frondosa had a 95% efficiency against solid tumor and 90% against 
leukaemia. It was found that grifolan (Grifron-D, GD) extracted from the main 
fraction which is a (3-1,6-glucan with p_ 1,3-side chain was the main fraction exerting 
the antitumor effect (Stott et al., 2003). G D was found to have immunomodulating 
and antitumor activity in animal models, when administered orally. (Nishida et al., 
1988). It had been reported to be effective in inhibiting hepatic metastases (Nanba, 
1995) in clinical trial and exerting cytotoxic effect on human prostate cancer cells in 
vitro (Fullerton et al., 2000). The Food and Drug Administration of U S A has 
approved G D for trial under an Investigational New Drug Application (IND) for 
patients with advanced cancer and some US-based clinical trials are currently 
underway at various institutions (Nanba, 1997). Apart from antitumor activities, G. 
frondosa was also claimed to possess anti-HIV, anti-hypertensive, anti-diabetic and 
anti-hyperlipemic activities and anti-obesity effect (Zhuang et al, 1999). Biological 
active components including immunological enhancing (3-1,3-glucan (GRN) (Zhuang 
et al., 1999) and other polysaccharide isolated from the culture medium of mycelium 
of GF were also found to have anti-oxidative effects and fibroblast proliferating 
effect (Lee^ ^ /.,2003). 
1-5 Objectives and experimental design 
This project studied the effect of carbon sources (carbohydrates) on the 
chemical and structural characteristics of the mushroom polysaccharides including 
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the EPS and hot water-soluble extract of mycelium (HWE). They were produced by 
submerged fermentation from the three selected mushrooms (PTR, A C and GF) 
based on their economic value and previous results as mentioned in 1.4. 
As shown in Figure 1.2, firstly, the relationship between 9 carbohydrates 
(carbon sources) including 4 monosaccharides, 3 disaccharides and 2 sugar alcohols 
and the yield of mycelium and EPS from these three mushrooms was investigated by 
SmF so as to find out which mushroom could produce the highest yield of mycelium. 
After that, production of the mycelium from one selected mushroom which could 
produced the highest mycelial yield (PTR in this case) using scale-up shake-flask 
(1000 mL) experiments in medium containing those carbon sources that had been 
found to give a relatively higher yield of mycelium was conducted. This provided 
enough amount of mycelium and EPS for further detailed chemical and structural 
analysis. Another scale-up production fo the PTR mycelium using fermentor (8L) in 
medium containing glucose as the carbon source, which is economical and 
commonly used in SmF of mycelium, was carried out. Hot water-soluble 
polysaccharides (HWE) extracted from the mycelia of the PTR produced in scale-up 
SmF in shake-flask and fermentor were purified by fractional ethanol precipitation. 
The chemical composition including carbohydrate and protein content as well as 
monosaccharide composition of all the polysaccharides extracted including the EPS 
of PTR, A C and GF, the crude H W E and the fractionated H W E of mycelium of PTR 
from scale-up production in shake-flask and fermentor were analyzed and compared. 
The molecular weight and glycosyl linkages of the EPS and H W E from the 
mycelium of the PTR in scale-up production were done by size exclusion 
chromatography and methylation coupled with GC-MS analysis, respectively. From 
this study, the influence of carbon sources (carbohydrates) on the chemical 
composition and structure of the EPS and H W E of the mushroom mycelium, 
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especially that of PTR, could be better understood. This study will also provide 
useful information for further investigation on the biological activities as well as the 
industrial production of EPS and H W E from mushrooms. 
Figure 1.2 Flow chart of experimental design 
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(9 carbohydrates) 
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. sources according to 
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1. Carbohydrate content 1. Molecular weight by size exclusion 
2. Protein content chromatography (SEC) 
3. Monosaccharide composition 2. Glycosyl linkages analysis by gas 
chromatography and mass 
spectrometry (GC-MS) 
34 
CHAPTER 2 MATERIALS AND METHODS 
2.1 Source of mushroom mycelium 
Mycelium of three mushrooms including Pleurotus tuber-regium (PTR; Figure 
2.1), Acrocybe cylindracea (AC; Figure 2.2), Grifola frondosa (GF; Figure 2.3) was 
obtained from the Sanming Mycological Institute in the Fujian Province of Mainland 
China. The was cultured on potato dextrose agar (PDA; DIFCO) in Petri dishes as an 
inoculum for submerged fermentation. 
國 
Figure 2.1 Mycelium of Pleurotus tuber-regium grown on PDA 
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2_2 Effect of different carbon sources on 
submerged fermentation 
Mycelium of the above three mushrooms was cultured by submerged 
fermentation using liquid medium with different carbon sources in different volume 
capacity including 250 m L shake-flask, 1 L shake-flask and 8 L stirred-tank 
fermentor. 
2.2.1 Production of mycelium by submerged 
fermentation using 250 mL and 1L shake-flasks 
Inocula of mycelium of PTR, A C and GF were prepared by homogenizing 1 dish 
of mycelium in 50 m L distilled water using a blender. The inoculum of individual 
mushroom species was then added asceptically into 250 m L conical flasks (for 
mycelium of PTR, A C and GF) or 1000 m L conical flasks (only for mycelium of PTR) 
containing 100 and 400 mL, autoclaved culture medium of different carbon sources 
(30 minutes, 121°C) respectively in a ratio of 1 m L inoculum per 50 m L culture 
medium. After the inoculation, the conical flasks were incubated in an orbital shaker 
at 30°C and 200 rpm. A total of 9 carbon sources including the following: 4 
monosaccharides - glucose (AnalaR®), fructose (UNIVAR), galactose (SIGMA) and 
mannose (SIGMA); 3 disaccharides — lactose (SIGMA), maltose (DIFCO) and 
sucrose (UNIVAR); and 2 sugar alcohols, mannitol (SIGMA) and sorbitol (SIGMA), 
were used. The basal medium contained 4 g/L yeast extract (USB), 1 g/L KH 2P0 4 
(SIGMA), 0.6 g/L MgS0 4 • 7H 20 (UNIVAR) and 30 g/L of corresponding carbon 
sources (Table 2.1). After an incubation period between 8 to 30 days, depending on 
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the growth rate of different mushroom species (Table 2.1), the mycelium was 
separated by filtration from the medium which was kept for the isolation of EPS. The 
yield of the mycelium (in g dry wt./L of medium) was determined gravimetrically 
after lyophilization. 
Table 2.1 Details on submerged fermentation by shake-flask using 250mL and 
lOOOmL conical flasks 
T . , ^  , 1000 m L conical 
250 m L conical flask 
flask 







Incubation Period (days) 8 14 30 8 
Glucose (Glc) 
u + /T7 、 Glucose (Glc) 
._ - ., rructose (Fru) 
Monosaccharides Fructose (Fru) 
Oalactose ((jral) 
a , … 、 Mannose (Man) 
Carbon




S o u r c e s
 Lactose (Lac) 
U s e d
 Disaccharides Sucrose (Sue) 
(
3 % w / v
) Maltose (Mai) 
。 A , … Mannitol (Mnl) 
Sugar Alcohols 。 ， . ， ， 。 、 Mannitol (Mnl) 
Sorbitol (Sor) 
Volume of medium per flasks 
" T 、 100 400 
used (mL) 
Ratio of volume of 
medium-to-flask . . . .5 
Volume of inoculum per 
flask used (mL) 
No. of flasks per each carbon 
5 18 
source 
aPleurotus tuber-regium; hAgrocybe cylindracea;c Grifola frondosa 
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2.2.2 Scale-up production of mycelium of PTR using 
fermentor 
Inoculum of mycelium of PTR was prepared by the method described in 2.1 
using 1000 m L conical flask and 400 m L medium of glucose except that the 
incubation time was 6 days instead of 8 days. After the addition of 400 m L inoculum 
into the 7.6 L autoclaved medium prepared as described in 2.2.1 (autoclaved in the 
fermentor for 50 minutes at 121°C) making up a total of 8L solution in the fermentor, 
the culture was incubated at 30°C and 150 rpm for another 6 days. The mycelium was 
then separated by filtration from the culture medium which was kept for isolation of 
EPS. The yield of the mycelium (g dry wt./L) was determined gravimetrically after 
lyophilization. 
2.2.3 Concentration of dissolved oxygen in 250 mL and 
1L shake-flasks 
Ten 250 m L and 1L conical flasks containing the defined medium described in 
2.2.1 were prepared. All the conical flasks were subject to an orbital shaker at 200 
rpm and 30°C for 8 days. Two flasks were taken out on day 0, 2，4, 6，8 for measuring 
the concentration of dissolved oxygen by using a dissolved oxygen metre (YSI model 
52 with a probe YSI model 5739). The change of concentration of dissolved oxygen 
along the period of time in the medium of the 2 different flasks was expressed by 
plotting the concentration of dissolved oxygen (mg/L) against time (day). 
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2-3 Isolation and fractionation of mushroom 
polysaccharides 
The EPS was isolated from the culture medium by ethanol precipitation or 
ultra-filtration. The water-soluble polysaccharides of mycelium were obtained by 
using hot water extraction followed by fractional ethanol precipitation. 
2.3.1 Isolation of exo-polysaccharides (EPS) from 
culture medium by ethanol precipitation 
The EPS from the culture medium collected from small-scale production of 
mycelium using 250 m L conical flasks was isolated by overnight precipitation after 
adding 4 volume of 95% ethanol. The precipitated EPS obtained by centrifuging at 
4800 rpm for 5 minutes was re-dissolved in distilled water and dialyzed (Spectrum, 
14.6 m m diameter) to screen out small molecules under 6000-8000MW. The yield of 
EPS (mg dry wt./L) was determined gravimetrically after lyophilization. 
2.3.2 Isolation of EPS from culture medium by 
ultra-filtration 
The EPS from the culture medium with different carbon sources collected from 
scale-up production of mycelium using 1000 m L conical flask and 8L fermentor was 
isolated by ultra-filtration using a Pall Gelman Maximate System with a cassette of 
10000 M W cut off. The original culture medium was concentrated to about lOOOmL 
by ultra-filtration and then about 4 L of distilled water was added to the concentrate. 
The ultra-filtration process was repeated for 8 times until the total dissolved solid 
(TDS) in the filtrate (measured by Corning Checkmate 90 with a Cond/TDS probe) 
was under 5 |ig/mL and the solution was finally concentrated to about 500 mL. The 
yield of EPS (mg dry wt./L) was determined gravimetrically after lyophilization. 
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2-3.3 Hot water extraction of PTR mycelium 
Twenty grams of selected mycelium of PTR obtained from scale-up production 
(1000 m L conical flasks and 8L fermentor) in medium of different carbon sources was 
homogenized with 500 m L distilled water using a Waring laboratory blender 
(WARING 8011) at high speed and the homogenate was transferred to a 1L 
round-bottomed flask. Hot water extract (HWE) of the mycelium was obtained by 
centrifuging the homogenized suspension which had been boiled under reflux for one 
hour. The heating and centrifuging processes were repeated for another two times so 
as to obtain the second and the third extracts. The three extracts were pooled together 
and then subjected to ethanol precipitation as described in 2.3.1. The yield (g dry 
wt./L) of H W E of mycelium was then determined gravimetrically after lyophilization. 
2.3.4 Fractionation of HWE by fractional ethanol 
precipitation 
Half a gram of H W E of mycelium of PTR obtained from 1000 m L conical flasks 
and 8L fermentor was dissolved in 50 m L distilled water. 95% ethanol was added 
dropwise into the solution until precipitation occurred. The precipitates were 
re-dissolved in distilled water after isolation by centrifuging (Beckman GS-15R 
centrifuge) at 4800 rpm for 5 minutes. 95% ethanol was then added dropwise into the 
supernatant again until another precipitation occurred. The process was repeated until 
4 volumes of 95% ethanol was added and the remaining solution was dried at a 60°C 
oven for the estimation of the recovery of substances. The yield of the different 
fractions (g dry wt./L) obtained in each precipitation was determined gravimetrically 
after lyophilization. 
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2-4 Chemical composition of HWE and EPS 
The carbohydrate content, protein content and monosaccharide composition of 
the EPS and H W E were analyzed by the phenol-suphuric acid method, the modified 
Lowry method and gas chromatography of sugar derivatives (alditol acetates), 
respectively. 
2.4.1 Phenol-sulphuric acid method 
The carbohydrate content of the EPS and H W E were estimated by the 
phenol-sulphuric acid method (Dubois et al., 1956). Half a milliliter of phenol in 
water (5% w/v) was added into 0.5 m L of sample solution (prepared by dissolving 
about 5 mg (sample weight) sample into 5 m L of 2 M sulphuric acid and then made 
upto 20 times dilution), glucose (SIGMA) standards (12.5 |ig/mL，25 |ug/mL, 50 
|ig/mL and 100 |ig/mL in 2 M sulphuric acid) or blank solution (2M sulphuric acid). 
Two and a half mL of 18M sulphuric acid was then added rapidly into the solution and 
vortex-mixed. After 30 minutes reaction, the absorbance of the solution was 
determined at 490 nm. A standard curve (straight line) passing through the origin was 
plotted by absorbance at 490 nm (OD490) against concentration of glucose standard 
and the carbohydrate concentration of samples [carbohydrate] were determined by 
reading against the standard curve (〇D490sa_e). Carbohydrate content expressed as 
percentage by weight was calculated by the following equation: 
^ u u ^ + + + [carbohydrate] (mg/mL) x 20 x 5 (m L) 
Carbohydrate content = i ^ L X \ QO% 
sample weight (mg) 
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2.4.2 Modified Lowry method 
The protein content of the EPS and H W E were estimated using protein assay kit 
(SIGMA, catalog no. P5656) which was based on the method described by Peterson 
in 1977. Sample with a concentration of 500 )Lig/mL was prepared by dissolving about 
5 m
g (sample weight) into 5 m L distilled water and a 2 times dilution was made to the 
concentrated sample for the protein determination. Lowry reagent (1.0 mL) and Folin 
and Ciocalteu's phenol reagent (0.5 mL) were added into either the sample (1.0 mL) 
or protein standards (BSA, 25 |ug/mL, 50 |ng/mL, 100 fig/mL and 150 [ig/mL) with 20 
min and 30 min incubation, respectively. The absorbance of the final solution was 
determined at 750 nm. A standard curve was plotted by using absorbance at 750 nm 
against concentration of BSA and the protein concentration of sample [protein] was 
determined by reading against the standard curve. Protein content expressed as 
percentage by weight (%/wt.) was calculated by the following equation: 
D . . ‘‘ [protein] (mg/mL) x 2 x 5 (m L) 
Protein content = —
 J
- 1 L x 100% 
sample weight (mg) 
2.4.3 Monosaccharide composition analysis of HWE 
and EPS 
The monosaccharide composition of EPS and H W E were analyzed by sequential 
acid hydrolysis following with derivatization of monosaccharides to alditol acetates 
using the method as described by Blakeney et al. (1983) and the derivatives were 
detected by gas chromatography. 
2.4.3.1 Acid depolymerization 
About 13-15 mg samples (about 4 mg was used for the fractions of H W E ) was 
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hydrolyzed with sulfuric acid (0.7 mL, 12 M) and kept in a heating block (35。C) for 
60 minutes with vortex-mixing in every 15-minute time interval. Afterwards, the 
mixture was diluted to 2 M sulfuric acid by an addition of 3.5 m L distilled water and 
heated at 95°C in a heating block for another 60 minutes with vortex-mixing in every 
1 5 -minute time interval. 
2.4.3.2 Neutral sugar derivatization 
Three millitres of the above acid hydrolysate and 3 m L sugar standard (prepared 
by dissolving 0.1 g ofL-rhamnose (Rha, SIGMA), D-fucose (Fuc, SIGMA), D-ribose 
(Rib, SIGMA), L-arabinose (Ara, SIGMA), D-xylose (Xyl, SIGMA), D-galactose 
(Gal, SIGMA), D-glucose (Glc, SUPELCO), D-glucosamine (GlcNAc, SIGMA) and 
D-galactosamine (GalNAc, SIGMA) in 100 m L 50% saturated benzoic acid 
(SIGMA)). One millitre of D-allose (SIGMA) (1 mg / mL of 50% saturated benzoic 
acid (SIGMA)) was then added in both the acid hydolysate and sugar standard. 
Afterwards, the solutions were made alkaline by adding 12 M ammonia solution (acid 
hydrolysate) and 2 M ammonia solution (sugar standard) drop by drop, accordingly. 
The monosaccharide in these mixtures were reduced by keeping at 40。C for 30 
minutes after the addition of 5 |Lil octan-l-ol and freshly prepared sodium borohydride 
(0.2 mL, 200 mg/mL in 2 M ammonia). Afterwards, 0.4 mL glacial acetic acid was 
added to degrade excess NaBH4. An aliquot (0.2 mL) of the reduced monosaccharides 
was acetylated by vortex-mixing with 2.0 m L acetic anhydride with 0.3 m L 
1-methylimidazole as catalyst at room temperature for 10 minutes. Five millilitres of 
distilled water was then added to degrade excess acetic anhydride with the mixture 
being cooled under tap water at room temperature. Extraction of the alditol acetate 
derivatives was done by vortex-mixing the mixture with 1 m L dichloromethane 
(MALLICKRODT). After standing for 10 minutes for phase separation, the upper 
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phase was carefully removed and the lower phase was washed twice with 1 m L of 
distilled water. The lower phase was dried with anhydrous sodium sulfate (SIGMA) 
and then stored in vial at -20°C before gas chromatographic (GC) analysis. 
2-4.3.3 Determination of neutral sugar composition by gas 
chromatography (GC) 
The alditol acetates derivatives of the neutral sugar were quantified by a gas 
chromatograph (Hewlett-Packard 6890, USA) using an Alltech DB-225 capillary 
column (15 m x 0.25 m m i.d., 0.25 ^ m film) and oven temperature program of initial 
temperature 180°C, followed by a temperature rise of 2°C /min to 220。C with a final 
hold of 25 minutes. The temperature of the injector and detector were set at 220 °C. 
The carrier gas was helium and detection was made by flame ionization. Individual 
sugars were corrected for losses during hydrolysis and derivatization, and for their 
different responses to the flame ionization detector. Monosaccharide was calibrated 
with fucose, ribose, arabinose, xylose, mannose, galactose, glucose, glucosamine and 
galactosamine. The N-acetylglucosamine was detected as glucosamine due to the fact 
that the N-acetyl group at C-2 would be deacetylated during the sulfuric acid 
hydrolysis. Response factor (Rf) of individual monosaccharides to detector was 
calculated by: 
p — monosaccharide concentration in standard (mg/ml)x l .5 ml x area of allose in standard 
l v f = _ — 
area of monosaccharde in standardx 1 mg/mlx 1 ml 
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Individual monosaccharide in sample was calculated by the following equation taken 
into considerations of the dilution factors, conversion factors of sugars into 
anhydro-sugars: 
Monosaccharide % in polysaccharide =
 I n d i v i d u a l m o n o s a c c h a r i d e % a
 x ！ 0 0 % 
Total monosaccharide %
b 
a . • Xx Y 
Individual Monosaccharide % x 100% 
Sample weight (mg) of GC 
yj 2 1 
X = Rf(average from 2 replicates) x — x coefficient0 
3.0 ml 
C hexose = 1.26; pentose = 1.232; methyl pentose = 1.246 
… area of monosaccharide in samplex 1 me/mlx 1 ml 
Y (mg) — 
area of allose in sample 
b 
Total monosaccharide % = E all monosaccharides % 
The amount of monosaccharides were expressed as polysaccharide residue 
(anhydro-sugar) by multiplying the amounts of pentoses and methyl pentoses with a 、 
factor of 0.88 and 0.89 respectively, and of that hexoses with a factor of 0.9. 
2.4.3.4 Uronic acid content 
The uronic acid content of the polysaccharides were determined by analyzing the 
uronic acid content in the acid hydrolysates obtained after the sequential acid 
hydrolysis described in 2.4.3.1, following the method described in A O A C (Theander 
et al., 1995). A mixture prepared by vortex-mixing concentrated 5 m L sulfuric acid 
(18M) with the solution containing either 0.3 m L hydrolysate or glucuronic acid 
standard (SIGMA, 12.5 }ig/mL, 50 jig/mL, 100 |ug/mL) and 0.3 m L sodium 
chloride/boric acid solution (2 g sodium chloride and 3 g boric acid in 100 m L 
distilled water) was incubated at 70�C for 40 min. The mixture was then 
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vortex-mixed with 0.2 m L dimethyphenol (1 mg/mL of glacial acetic acid) and left at 
room temperature for 10 min. The absorbance of the sample solution at 400 nm and 
450 nm was measured against the blank using 2 M suphuric acid. The reading at 400 
nm (OD400) was substracted from 450 nm (OD450) to correct for the interference 
from hexose. A standard curve was constructed by plotting the corrected absorbance 
(OD
net
) against the concentration of glucuronic acid ([GA]). The uronic acid 
concentration [uronic acid] was determined by reading against the standard curve with 
the correction of the dilution. Content of uronic acid expressed as percentage by 
weight (%/wt.) was calculated by the following equation after the calibration of 
sample weight used for GC analysis and total volume of hydrolysate (4.2 mL): 
Uronic acid content = [^nic acid] (mg/mL) x 4.2 (mL) x 2 0 Q % 
sample weight (mg) 
2.5 Structural studies of HWE and EPS 
The molecular weight of the polysaccharides were estimated by high pressure 
liquid chromatography (HPLC) and the glycosyl linkages of the polysaccharides were 
analysis by methylation study using gas chromatography coupled with mass 
spectrometry (GC-MS) method, 
2.5.1 High Pressure Liquid Chromatography (HPLC) 
The molecular weights of the polysaccharides were estimated by HPLC using 
pullulan (Shodex) with the molecular weights: 0.59xl0
4
 M W (P5), 1.18xl0
4
 M W 
(P10), 2.28xl0
4
 M W (P20), 4.73xl0
4
 M W (P50), 11.2xl0
4
 M W (P100)5 21.2xl0
4 
M W (P200), 40.4xl0
4
 M W (P400), 78.8xl0
4
 M W (P800), as the standards. One 
millilitre of sample containing 1 mg polysaccharides or standards was injected into a 
Waters 2695 HPLC system incorporated with an SUPELCO Progel™ TSK G6000PW 
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column (30 cm x 7.5 m m ID) and an SUPELCO P r o g e l ™ TSK P W H guard column 
(7.5 cm x 7.5 m m ID) running at 25°C and 0.9 mL/min for 20 min using 0.2M sodium 
chloride solution as the solvent and a Waters 2414 refractive index detector running at 
30°C for the detection. A standard curve was constructed by plotting molecular weight 
of pullulan standards in logarithmic scale against retention time. The molecular 
weight of the polysaccharides was estimated using the standard curve. 
2.5.2 Methylation study and gas chromatography-
mass spectrometry (GC-MS) 
The sugar linkages of the EPS and H W E were analyzed by methylation using the 
method described by Anumula et al. (1992) followed by GC-MS of the partially 
methylated alditol acetate (PMAA) derivatives. 
2.5.2.1 Preparation of dry dimethyl sulfoxide (DMSO) 
Dry D M S O was prepared by distilling 500 m L reagent grade D M S O (SIGMA) 
under nitrogen and at reduced pressure for 5 hours after the D M S O was stirred with 
excess powdered calcium hydride (CaH) for 3 hours at 65 °C in a three-necked 
round-bottom flask. The distilled dry D M S O was transferred into a 500 m L brown 
round bottle with the flushing of nitrogen and was stored over molecular sieve (Acros, 
4A, pre-dried at 550°C for 3 hours) at 4°C. 
2.5.2.2 Preparation of methylsulfinyl methyl sodium 
(CH3SOCH2'Na+) 
Thirty millilitres of dry D M S O were added into a 3-necked flask containing 2 g 
NaH powder prepared by washing appropriate amount of NaH suspended in oil with 
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30 m L hexane twice to remove the oil. The NaH was dried with argon after the 
h e x a n e
 was removed by centrifugation before used. The colour of the mixture should 
change to grayish green after leaving it for 30 minutes at room temperature, otherwise, 
the mixture was sonicated at 25°C for 1 hour until the mixture turned into grayish 
green colour. The mixture was then transferred to 5 m L serum bottles which were 
capped with serum caps flushing with nitrogen and stored at -20。C before used. 
2.5.2.3 Methylation 
EPS or H W E (above 4 mg) dried over phosphorus pentoxide overnight under 
vacuum was dissolved in 1 m L dry D M S O by vortex-mixing and sonication at room 
temperature for 30-50 minutes. If the polysaccharide remained insoluble in D M S O 
after this treatment, premethylation was done by addition of 20 ^ il CH 3SOCH 2"Na
+
 to 
the mixture which was kept in an ice-bath until frozen, followed by addition of 5 jul 
pre-cooled methyl iodide (Mel, MERCK). The premethylation steps were repeated 
except 60 jil CH 3SOCH 2"Na
+
 and 15 jil Mel was used instead. The solution was then 
sonicated for 60 minutes at room temperature after the addition of 0.4 m L 
CH 3SOCH 2"Na
+
 followed by adding 0.3 m L pre-cooled Mel with sonication for 
another 15-20 minutes at room temperature. The resulting solution was kept at room 
temperature overnight. 
2.5.2.4 Extraction of methylated polysaccharide 
The methylated polysaccharide in the solution from 2.5.2.3 was extracted by 
adding 4 m L chloroform (CHC13, LAB-SCAN) after adding 0.3 m L distilled water to 
neutralize the excess CH3SOCH2"Na
+
. The chloroform layer was washed 3 times with 
3 m L distilled water which was removed by centrifuging at 3000 rpm for 5 minutes 
The organic solvent was evaporated under a stream of nitrogen at 40°C after removing 
the remaining water by adding 3 mL 2,2-dimethoxypropane and 40 pi glacial acetic 
acid. 
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2.5.2.5 Acid depolymerization and preparation of aditol acetate 
derivatives 
The residue from 2.5.2.4 was depolymerized by heating with 0.6 m L 2 M 
trifluoroacetic acid (TFA) at 121 °C for 1 hour with the acid being removed by drying 
a stream of nitrogen at 40°C. The residue was then madealkaline by using 0.5 m L 12 
M ammonia solution. The partially methylated monosaccharide in the solution was 
reduced and acetylated according to the method described in 2.4.3.3 using 0.2 m L 
allose (5 mg/mL of 50% saturated benzoic acid) as the internal standard. 
2-5-2.6 Determination of partially methylated alditol acetates 
(PMAAs) by gas chromatography-mass spectrometry 
(GC-MS) 
The alditol acetates derivatives of the partially methylated monosaccharide were 
analyzed by a gas chromatography (Agilent Technology, 6890N) -mass spectrometry 
(Agilent Technology, 5973N) a capillary column of DB225 (Alltech, 15m X 0.25mm) 
with an autosampler in electron impact (El) mode. The oven temperature program of 
the GC was set with an initial temperature 130。C followed by a temperature rise of 4 
。C/min to 280°C with the interface temperature as 250°C and injector temperature as 
280。C. The carrier gas was helium with a flow rate of 1.0 mL/min and detection was 
made by electron impact ionization in MS. The ion source temperature of the M S was 
set at 250°C. The ionization energy and the detector voltage was set 70eV 1.5kV, 
respectively with a mass range from 50 to 350. The mass spectrometry of the resulting 
peaks were identified by referring to the NIST/EPA/NIT data base in the computer to 
identify and quantify individual PMAAs. 
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CHAPTER 3 RESULTS AND DISCUSSION 
3_1 Production of mycelium and EPS of PTR, AC 
and GF by submerged fermentation in 250 
mL shake-flask with liquid medium 
containing different carbon sources 
3.1.1 Mycelial biomass production of PTR, AC and GF 
The harvesting period of the mycelium of PTR, A C and GF was determined to 
be 8, 14 and 30 days, respectively by daily observation before autolysis of mycelial 
pellet occurred. It had been found that the mycelium of PTR (cultivated in medium 
with composition similar to the present condition except 2 g/L of peptone and 2 g/L 
of yeast extract was used) had a maximum yield 10 days after inoculation (Wu et al, 
2003). However, during the incubation, the structure of the pellets of mycelium 
started to rupture around 8 days although it still continued to grow and 8-day was 
chosen as the harvesting period of mycelium of PTR in this study. No optimization of 
the mycelial growth for AC and GF had been investigated in previous studies. In the 
case of AC, it had been found to have the highest mycelial yield at 15 days (when 
compared with the mycelium yield at 5-day incubation and 10-day incubation) after 
inoculation with medium containing 20 g/L glucose, 0.46 g/L KH2P04，1 g/L 
K 2HP0 4, 0.5 g/L MgS04.7H20, 2 g/L peptone and 2 g/L yeast extract (Kim et al., 
2002b). Since the composition used in that study was similar to the defined medium 
in this study, 14-day was chosen as the incubation period for the mycelium of AC. 
GF had the highest mycelium yield at 15 day after inoculation when compared with 5 
day incubation and 10 day incubation in the same medium as reported previously 
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(Kim et aL, 2002b). In the study by Zhuang et al (1994), the mycelium of GF was 
even cultivated for 105-110 days. However, the mycelium of GF was still growing 
after 15 days in our study and no more observable growth was found after 30 days. In 
order to get maximum amounts of mycelium, 30-day incubation period was chosen 
for the cultivation of mycelium of GF. 
Table 3.1 shows the yields of mycelium of PTR, A C and GF in medium with 
different carbon sources (carbohydrate) using 250 m L shake-flask. The yield of 
mycelium of PTR, A C and GF ranged from 2.07土0.14 to 6.55±0.26 g dry wt./L, 
1.04士0.17 to 4.71 土0.70 g dry wt./L and 1.47±0.34 to 2.07士0.24 g dry wt./L, 
respectively. Mannose (6.55±0.26 g dry wt./L) and glucose (5.87士0.73 g dry wt./L) 
supported the best growth for the mycelium of PTR with no significant difference 
between them (p > 0.05) while galactose (2.07士0.14 g dry wt./L) and sucrose 
(2.64±0.64 g dry wt./L) gave the poorest yield for the mycelium of PTR with no 
significant difference between the two (p > 0.05). 
T a b l e 3 1 Mycelial yield of PTR, AC and GF grown in 250 mL shake-flask with 
medium containing different carbon sources 
r ^ L ’ 〜,…。L Mycelial Yield (g/L) 
PTR __AC GF 
Glucose (Glc) 5.87±0.73a,b 3.90士0.19h,ij 1.96士0.15n,0 
Fructose (Fru) 4.54土0.78c’d，Q 3.35±0.94j’k’Q 1.47土0.34p 
Galactose (Gal) 2.07±0.14g 1.04土0.17m NG# 
Mannose (Man) 6.55±0.26a，R 5.86±0.70R 2.07土0.24n 
Maltose (Mai) 4.32土0.39c'e's 4.71±0.70h,s N G # 
Lactose (Lac) 3.96±0.35e,f 3.0410.26^ NG# 
Sucrose (Sue) 2.64±0.64gJ 2.40士0.04k’1J 1.57士0.06o’p 
Mannitol (Mnl) 5.03±0.30b,c 1.77±0.19丨’丨" N G # 
Sorbitol (Sor) 3.98±0.14d'e>f 1.86±0.17''m NG# 
"NG = No Growth ~ — = — — — — = — _ _ — = = = 
•Mycelial Yield (mean value 士 standard deviation, n = 5) in each column having the same superscript 
in lowercase letter has no significant difference (p > 0,05). 
•Mycelial Yield (mean value 士 standard deviation, n = 5) in each row having the same superscript in 
capital letter has no significant difference (p > 0.05). 
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The mycelium of A C had the highest yield (5.86士0.70 g dry wt./L) in medium 
containing mannose as the carbon source (p < 0.05) but it grew poorly in medium 
containing galactose (1.04士0.17 g dry wt./L), mannitol (1.77士0.19 g dry wt./L) and 
sorbitol (1.86土0.17 g dry wt./L) with no significant difference between them (p > 
0.05). Kim et al. (1999) had reported a crude yield of 24.74士 1.34 g dry wt./L of 
mycelium of A C grown in a medium with starch as the carbon source However, 
starch is a water-insoluble polysaccharide that is difficult to be removed during the 
recovery of mycelium and EPS and would presentas impurity. Therefore, starch was 
not considered to be used in our study. 
Only mannose, glucose, fructose and sucrose supported the growth of the 
mycelium of GF with yields of 2.07士0.24, 1.96士0.15, 1.47土0.34 and 1.57±0.06 g dry 
wt,/L，respectively in which mannose and glucose were the best carbon sources for 
the mycelial growth of GF with no significant difference between them (p > 0.05). 
The variation of mycelial yields showed that carbon sources (carbohydrate) 
affected the growth of the mycelium of mushrooms greatly and the individual 
mycelial growth could be optimized by using different carbon sources. Previous 
studies on optimization of mycelial yield by using different carbon sources have been 
reported. Fasidi et al (1994) had investigated the requirements including carbon 
sources for the mycelial growth of PTR. In their study, a 7-mm-diameter P D A disc of 
vigorously growing mycelium of PTR was inoculated into 30 m L defined medium 
containing different carbon sources and the mycelial yield obtained was ranging from 
0,78 g dry wt./L of medium containing cellulose to 3.67 g dry wt./L of medium 
containing glucose. The mycelial yield of Tricholoma lobayensis (heim), a Nigerian 
edible mushroom, was found to range from 1.62 to 6.04 g dry wt./L in medium 
containing sucrose and mannitol, respectively (Jonathan et cd., 2003). These 
suggested that the mycelial yield of fungi could be increased by several folds by 
53 
using appropriate carbon source. 
Glucose is a common carbon source for the growth of mushroom mycelium. It 
could be utilized through glycolysis or pentose phosphate pathway by many fungi 
(Jennings, 1995). The medium containing glucose provided the second highest 
mycelial yield for PTR (5.87士0.73 g dry wt./L) with no significant difference (p > 
0.05) when compared with that containing mannose (6.55士0.26 g dry wt./L). Glucose 
also gave the third highest mycelial yield (3.90士0.19 g dry wt./L) for A C with no 
significant difference (p > 0.05) compared with that containing maltose (4.71±0.70 g 
dry wt.L). It also gave the second highest mycelial yield for GF (1.96士0.15 g dry 
wt./L) with no significant difference (p > 0.05) compared with that containing 
mannose (2.07±0.24 g dry wt./L). The mycelium of PTR had been found to grow 
best in medium containing glucose with a yield of 3.67 g dry wt./L (Fasidi et al., 
1994). In another study, the yield of PTR mycelium grown in other carbon sources 
was: maize starch (13.3土2.75 g dry wt./L), glucose (10.8土 1.10 g dry wt./L), and 
fructose (13.0±0.25 g dry wt./L) with no significant difference between them (p > 
0.05) (Wu et al., 2003). These findings were comparable to our results in which 
glucose was the second best carbon source with no significant difference (p > 0.05) 
to mannose, which was the best carbon source for the mycelial growth of PTR. In the 
study by Elisashvili et al. (2004), glucose and mannitol could support very well the 
growth of Lentinus edodes and many other Pleurotus spp. including PTR. Other than 
PTR, many mushroom mycelium could use glucose efficiently. For instance, 
Phellinus linteus LI3202 grew best in medium containing glucose with a mycelial 
yield of 9.0 g dry wt./L, doubling the mycelial yield of medium containing mannose 
(Lee et al., 1995). Glucose is a comparatively more economical carbon source which 
can provide reasonable high yield of mycelium, Therefore, it was used for the 
investigation of scale-up production of mycelium of PTR by the fermentor. 
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Mannose provided the best mycelial growth for all of the three mushrooms 
(Table 3.1). Fungi could utilize mannose by transforming it into 
mannose-6-phosphate and then to fructose-6-phosphate by mannokinase and 
phosphomannose isomerase，respectively (Jennings, 1995). Mannose can also be a 
good carbon source for the growth of many other mushroom mycelia. For instance, 
mannose provided a second highest mycelial yield (6.1 g dry wt./L) of Flammulina 
velutipes other than glucose (6.4 g dry wt./L) (Kim et al, 2002a). However, pure 
mannose is an expensive ingredient (about HK$3000 per 500g) which is not suitable 
for industrial production of mushroom mycelium or EPS. 
It was interesting that the two sugar alcohols, mannitol and sorbitol also showed 
good support to the growth of the mycelium of PTR with yields of 5.03±0.30 and 
3.98士0.14 g dry wt./L, respectively and the mycelial yield obtained from medium 
containing mannitol was statistically not different from that of glucose (5.87士0.73 g 
dry wt./L) (Table 3.1). Previous findings had shown that mannitol and sorbitol 
supported the growth of PTR mycelium with a yield of 86.7 mg dry wt./30 m L 
medium and 53.3 mg dry wt./30 m L medium, respectively (Fasidi et al., 1994). In 
another study, mannitol gave the second best mycelial yield of P. tuber-regium 
HAI624 (5.4 g dry wt./L) and the best mycelial yield of another strain of P. 
tuber-regium HAI737 (6.5 g dry wt./L) (Elisashvili et al, 2004). Mannitol could also 
greatly support the growth of Tremella mesenterica (Wasser et al., 2003) and 
Tricholoma lobayensis (Heim) (Jonathan et al,, 2003) with a mycelial yield of 13.0 
and 6.04 g dry wt./L, respectively. Fungi can utilize mannitol in several ways and 
one of them is the mannitol cycle which is commonly found in fungi (Jennings, 
1995). In the mannitol cycle, four enzymes including mannitol-1-phosphate 
dehydrogenase, mannitol-1 -phosphatase, mannitol dehydrogenase and hexokinase 
were present (Hult et al., 1978). In the study by Ceccaroli et al (2003)，all the 
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enzymes of the mannitol cycle could be found in the mycelium of an ectomycorrhizal 
fungus Tuber borchii and the specific activities of the corresponding enzymes were 
higher when mannitol rather than glucose was provided as nutrient. It was found that 
specific activities of NADP-dependent mannitol dehydrogenase and fructokinase 
were higher than that of NADH-dependent mannitol 1-phosphate dehydrogenase in 
the mycelium of T. borchii. This showed that mannitol, besides being a storage 
carbon source, could enter the Krebs cycle and the amino acid biosynthesis of the 
mycelial metabolism. Apart from the mannitol cycle, mannitol can also be used by 
conversion into fructose through the action of mannitol dehydogenase or conversion 
into mannose through the action of mannose dehydrogenase (Jennings, 1995). The 
utilization of mannitol by the mycelium of PTR was comparable to that of glucose in 
which they gave similar mycelial yield of PTR (p > 0.05) (Table 3.11 In addition, 
since the mycelium of PTR could utilize mannose quite well, it might be deduced 
that the mycelium of PTR could convert mannitol into mannose and then into 
fructose-6-phosphate. However, further studies on the presence of enzymes should be 
done to find out the mechanisms of the utilization of mannitol by the mycelium of 
PTR. In contrast，AC had a rather low mycelial yield in medium containing mannitol 
(1.77土0.19 g dry wt./L) and sorbitol (1.86士0.17 g dry wt./L) while GF had no growth 
at all in medium containing these two sugar alcohols (Table 3.1). This might be 
explained by the fact that the enzymes required for the metabolism of the two sugar 
alcohols might be absent or present at low levels or the mycelial cells had no proper 
mechanism for the active uptake of these sugar alcohols. 
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3-1 -2 Production of EPS of PTR, AC and GF 
Table 3.2 shows the yield of EPS isolated from culture medium containing 
different carbon sources (carbohydrates) of PTR, A C and GF. The highest EPS yield 
of PTR, A C and GF was obtained from medium containing lactose (260 mg dry 
wt./L), sucrose (385 mg dry wt./L) and sucrose (180.8 mg dry wt./L), respectively 
and the lowest EPS yields was obtained from medium containing fructose (127 m g 
dry wt./L), mannose (68 mg dry wt./L) and mannose (144.1 mg dry wt./L), 
respectively. 
Table 3.2 Yield of EPS of PTR, AC and GF grown in 250 mL shake-flask with 
medium containing different carbon sources 
Carbon Sources PS Yield (mg/L) 
^ PTR A C GF 
—~T124 ~ ~ ~ ~ 丁93 q 








Fructose 127 130 
b
147 
Galactose 131 344 N A 
丁 5 7 ？ 




Maltose 155 254 N A 
Lactose 260 353 N A 
丁 114 
Sucrose 140 385 
b66.8 
Mannitol 162 207 N A 
Sorbitol 193 341 N A 
N A = Not Available 
丁 t 
EPS isolated from the top fraction after ethanol precipitation 
B E P S isolated from the bottom fraction after ethanol precipitation 
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There was no direct relationship between the yield of mycelial and EPS of PTR 
in medium containing different carbon sources although both of them were affected 
by the carbon sources (Figure 3.1). This result was consistent with previous findings 
in other mushrooms. Xu et al. (2003a) reported that maltose and glucose were the 
best carbon source for the growth of mycelium of Paecilomyces tenuopes C240 
(9.72士2.35 g dry wt./L) and its production of EPS (820±70 mg dry wt./L), 
respectively. Kim et al (2003b) reported that dextrose and sucrose were the best 
carbon sources for the growth of the mycelium of Cordyceps militaris (8.94 g dry 
wt./IO and its production of EPS (650 mg dry wt./L), respectively. Fan et al, (2003) 
reported that fructose and sucrose were the best carbon sources for the growth of 
mycelium of Agaricus brasiliensis (4.43 g dry wt./L) and its production of EPS (69.4 
mg dry wt./L), respectively. Hwang et al. (2003) reported that fructose (10.8 g dry 
wt-ZL) and glucose (1800 mg dry wt./L) were the most suitable carbon sources for the 
growth of mycelium and production of EPS of Phellinus gilvus’ respectively. These 
studies all showed that the best carbon source for the growth of mycelium may not 
necessarily be the best carbon source for the production of EPS. It was so interesting 
to note that during ethanol precipitation, the EPS of PTR in medium containing 
glucose separated into two fractions with one floating on the surface of the solution 
and the other sinking at the bottom of the solution. These two fractions of EPS might 
be different in structure, especially in their molecular weight. Similar to the two 
fractions of EPS found in the submerged fermentation of GF with glucose medium 
(Lee et al., 2003), the EPS floating in the upper layer of the solution might have a 
smaller molecular weight. This implied that glucose might stimulate the production 
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Figure 3.3 Relationship between the mycelial and EPS yield of GF in medium 
containing different carbon sources 
As shown in Figure 3.2, the lower the mycelial yield of A C generally tended to 
have a higher yield of EPS which was different from that of PTR. It seemed that the 
relationship between the production of mycelium and EPS was different from species 
to species. According to Sutherland (1972), when cells grow slowly, the synthesis of 
cell wall polymer is slower. As a result, more isoprenoid phosphate is available for 
EPS synthesis and so low cell mass can stimulate the production of EPS. The yield of 
EPS of A C in medium containing different carbon sources ranged from 68.0 to 385 
mg dry wt./L (Table 3.2). Kim et al. (1999) had obtained 4.88±0.15 g dry wt./L of 
EPS of A C from medium containing starch. The apparent high yield of EPS obtained 
by Kim et al (1999) might be due to the contamination of starch residue remaining 
in the medium which would be co-precipitated out during ethanol precipitation. 
The yield of EPS of GF ranged from 144.1 to 180.8 mg dry wt./L with the 
highest EPS yield obtained from the medium containing sucrose and the lowest one 
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obtained from the medium containing mannose (Table 3.2). As shown in Figure 3.3, 
in general, the higher mycelial yield of GF tended to have lower yield of EPS but the 
trend was not as obvious as in the case of A C (Figure 3.2). It was interesting to note 
that all EPS from GF separated into two fractions with one floating on the surface of 
the medium and the other one sinking at the bottom of the medium during ethanol 
precipitation. It was comparable to previous findings where two fractions (top and 
bottom) could be obtained by submerged fermentation of mycelium of GF in 
medium containing glucose and there was no bottom fraction obtained in medium 
containing potato dextrose broth (Lee, et al., 2003). Fructose stimulated the 
production of the bottom-fraction EPS while sucrose stimulated the production of the 
top-fraction EPS. This showed that different carbon sources might affect the 
production of EPS ofGF. 
Both the production of EPS of A C and that of GF was stimulated by sucrose. 
Sucrose could also stimulate the production of EPS in many other mushroom species. 
As shown in Table 1.5, the EPS production of many other fungi including Agaricus 
blazei, Cordyceps militaris, Paecilomyces sinclairii and Tremella mesenterica 
Retz.:Fr. were stimulated by sucrose. According to Fan et al. (2003), disaccharides 
seemed to promote the polymerization of EPS of A. brazei to give a high yield of 
EPS. It was comparable to the case of A C in which maltose, lactose and sucrose 
stimulated a relatively higher production of EPS at a yield of 254, 353 and 385 mg 
dry wt./L, respectively 
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3-1-3 Characterization of EPS of PTR, AC and GF 
3.1.3.1 Carbohydrate and protein content 
As shown in Table 3 .3，the carbohydrate content of the EPS of PTR ranged from 
43.4士5.93 to 91.4±4.76% dry weight as determined by the phenol-sulphuric acid 
method, The carbohydrate content of the EPS of PTR was the highest isolated from 
medium containing mannitol and sucrose showing that the EPS isolated from these 
two media were mainly polysaccharides without much impurities. These two carbon 
sources may be efficiently converted by PTR to produce EPS. On the other hand, the 
protein content of the EPS of PTR ranged from 7.74±0.49 to 28.7士3.01% by dry 
weight. The protein detected may be co-precipitated with the EPS during ethanol 
precipitation or it might be a part of the EPS. Most EPS of PTR isolated contained 10 
to 15% protein. However, the EPS of PTR isolated from medium containing sucrose, 
mannose, and the bottom fraction of the EPS of PTR isolated from medium 
containing glucose contained protein outside this range. The EPS of PTR isolated 
from sucrose, contained 7.74±0.49% protein which was the lowest and together with 
the high carbohydrate content of 90.7土4.10%. The other two EPS including the ones 
isolated from medium containing mannose and glucose (the bottom-fraction EPS) 
contained 28.7±3.01 and 22.9±0.09% protein, respectively. The carbohydrate content 
of EPS of PTR from medium of mannitol was around 90% with a rather high yield at 
162 mg dry wt./L. It showed a high purity of polysaccharides which supported the 
discussion in 3.1.1. that the mycelium of PTR utilized mannitol so well in both 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The production yield of EPS from PTR by lactose, sorbitol and glucose was 
yields of 260, 193 and 184.6 mg dry wt./L, respectively (Table 3.2). However, as 
shown in Table 3.3，the carbohydrate content of EPS isolated from medium 
containing lactose was statistically the lowest with only 43.4士5.93% by 
phenol-sulphuric acid method and 28.5±0.16% by G C analysis. Its purity was 
remarkably low even though its yield was the highest. The carbohydrate content of 
the EPS of PTR isolated from medium containing sorbitol was 61.7士5.04% by 
phenol-sulphuric acid method and 48.1 土4.97% by GC analysis. 
The carbohydrate content of the EPS of A C ranged from 23.0±2.03 to 
72.6士3.17% as determined by the phenol-sulphuric acid method and the protein 
content ranged from 3.61 士0.10 to 32.0土0.54% (Table 3.3). The highest carbohydrate 
content could be found in the EPS of A C isolated from medium containing fructose 
(72.6士3.17%) and mannose (67.7土4.95%) with no significant difference (p > 0.05). 
Both of them contained statistically similar (p > 0.05) amount of protein (13.6士0.94 
and 13.4±0.51%, respectively). It was comparable to the study by Kim et al (1999) 
which found that the water-soluble EPS of A C contained 75.8% total sugar and 2.8% 
protein while the alkaline-soluble one contained 65.4% total sugar and 22.3% protein. 
The carbohydrate and the protein content of the EPS of A C isolated from medium 
containing sucrose were the lowest amongst the other EPS of A C with only 
23.0土2.03 and 3.61 士0.10%�respectively. The EPS of A C isolated from medium 
containing galactose and maltose contained the highest protein content of 32,0土0.54 
and 31.2士0.18%�respectively with no significant difference between them (p > 0.05). 
The ratios of carbohydrate to protein content of the EPS of A C isolated from medium 
containing galactose and maltose were almost 1:1. 
The carbohydrate content of the top-fraction EPS of GF ranged from 51.5±1.76 
to 68.0士3.35% with low protein content ranging from 5.03士0.24 to 9.63士0.44% 
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(Table 3.3). On the other hand, the carbohydrate content of the bottom-fraction EPS 
of GF ranged from 43.9士0.56 to 75.6士6.15% with a higher protein content ranging 
from 11.8士0.10 to 17.2士0.14% (Table 3.3): This showed that the two fractions might 
be two different kinds of polysaccharides with different, structure and 
monosaccharide composition. The differences between these two fractions should be 
further investigated. Both the highest carbohydrate (75.6士6.15%) and protein 
(17.2土0.14%) content could be found in the bottom-fraction EPS isolated from 
medium containing mannose. This EPS might contain less impurities with a higher 
portion of polysaccharides. Lee et al (2003) had characterized the molecular weight, 
carbohydrate and protein content of the top and bottom fractions of the EPS of GF 
cultured in medium containing glucose or potato dextrose broth (PDB) as the carbon 
sources. No bottom fraction could be found in medium containing PDB. The 
molecular weight of the top fraction (1100 kDa) was higher than that of the bottom 
fraction (770 kDa) in the medium containing glucose and that of the top fraction 
isolated from culture medium containing PDB was the highest (1650 kDa) (Lee Qt al., 
2003). In addition, similar to our findings, the protein content of the bottom fraction 
(27%) of EPS from medium of glucose was higher than that of the top fraction ones 
(13%) and that of the top fraction of EPS from medium of PDB had the lowest 
protein content (6%) with the highest amount of carbohydrate (94%) (Lee e/ al, 
2003). These showed that different carbon sources (glucose and PDB) affected the 
production of the polysaccharides of GF in terms of molecular weight, carbohydrate 
and protein content consistent with present findings in all of the three mushroom 
mycelium. 
Most of the EPS of PTR, A C and GF isolated from medium containing different 
carbon sources contained considerable amount of protein. The protein might come 
from the nitrogen source remained in the medium. However, it may be part of the 
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structure of the EPS. Polysaccharide-protein complex is a major kind of 
polysaccharide found in mushroom as discussed in 1.3.2.4. A polysaccharide-protein 
complex found to be an antitumor agent by inhibiting the growth of several tumor • 
cell lines including HL-60，H3B and PU5-1.8 and cytotoxic to HL-60 cells by 
apoptosis had been isolated from the culture medium containing potato dextrose 
broth of an edible mushroom, Tricholoma lobayense (Liu ^  al, 1996). 
The variation of the carbohydrate and protein content showed that medium with 
different carbon sources affected the metabolite production, including EPS and 
protein, of the mycelium of PTR, A G and GF. In other studies using different nutrient 
sources also showed the differences in chemical composition and even the biological 
function. The top fraction of EPS of GF from medium of glucose and PDB had a 
carbohydrate content of 87 and 94%, respectively and a protein content of 13 and 6% 
respectively (Lee et al., 2003). These two fractions showed significantly different 
percentage of superoxide radical inhibition and proliferation of fibroblast cells. The 
superoxide radical inhibition and proliferation of fibroblast cells of the top fraction of 
EPS of GF from medium of PDB was about 40 and 23% of, respectively while that 
of glucose was both lower than 5% (Lee et al,, 2003). This showed that to obtain the 
desired biological activity, appropriate carbon sources should be used. In the study 
by Lee et al. (2003), it was proposed that the percentage of superoxide radical 
inhibition could be enhanced by a higher protein to carbohydrate ratio of 
polysaccharide. The bottom fraction of EPS of GF from medium of glucose and the 
hot water extract of the mycelium of GF with the highest protein to carbohydrate 
ratio of 0.37:1 and 0.52:1, respectively had the highest percentage of superoxide 
radical inhibition. This showed that the ratio of protein to carbohydrate is an 
important factor to the potency of the biological activity of the mushroom 
polysaccharides. 
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3.1.3.2 Monosaccharide composition 
Table 3.4 and 3.5 show the monosaccharide compositions of the EPS of PTR 
and AC, respectively. 
The EPS of PTR isolated from medium containing different carbon sources 
were mainly composed of mannose, glucose, galactose and glucosamine in 
descending order. They could be divided into three groups. The major group included 
PTREGB, PTREF, PTREGal, PTREL, PTRES, PTREN and PTREB (Table 3.4). In 
this group, the EPS was mainly composed of mannose (72.7 to 85.0%) which was 
almost ten-fold the content of glucose (4.40 to 13.3%) in the EPS. The second group 
included P T R E M and PTREMal which contained 66.9士 1.53 and 55.3±1.77% for 
mannose and 18.1 土3.72 and 25.3士2.40% for glucose, respectively. In this group, the 
content of mannose was about two- to three-fold of that of glucose. The last group 
was PTREGT which was different from the others that it floated on the solution 
during ethanol precipitation and its mannose to glucose ratio was only about 1:1. All 
groups contained similar content of galactose (3.06士0.19 to 6.87士0.12%) and 
glucosammine (0.50土0.16 to 5.38士0.71%) except that the content of galactose in 
PTREGal (6.87±0.12%) was significantly higher (two-fold) more than that of 
PTRES (3.06土0.19%). The above showed that different carbon sources might affect 
the monosaccharide composition especially the content of mannose and glucose, of 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The EPS of AC, similar to the EPS of PTR, contained mainly mannose, 
galactose，glucose and glucosamine in descending order. The EPS of AC, except 
ACEF and ACES which were different from the others, could be divided into two 
main groups where ACEG, A C E M , ACEMal and A C E N belonged to the first group 
while ACEGal, ACEL and ACEB belonged to the second group (Table 3.5). The 
mannose content of the first group of EPS ranged from 60.8士2.88 to 75.6士4.62% 
which was three-fold of the glucose content which ranged from 19.4士2,10 to 
28.1 士4.36%. The second group of EPS of A C contained mannose ranged from 
46.9±0.00 to 55.1±6.41% which was about two-fold the glucose content which 
ranged from 18.7土2.02 to 27.0±0.00%. This group was characterized by its 
exceptionally high level of glucosamine which was over 20%. It seemed that 
galactose, lactose and sorbitol favoured the production of chitin in the EPS of AC. 
ACEF and ACES were very different from the other EPS of A C in that ACEF 
contained a high content of mannose (86.4±1.21%) which was about nine-fold the 
content of glucose (9.96±1.42) with no detectable glucosamine while ACES 
contained significantly the highest content of glucose and the mannose to glucose 
ratio of ACES was about 1:1. It seemed that fructose stimulated the production of 
mannose in the EPS of AC while sucrose stimulated the production of glucose in the 
EPS of AC. It might imply that fructose could stimulate the activities of mannitol 
dehydrogenase and mannose dehydrogenase which convert fructose into mannose 
(Jennings, 1995). The increase in concentration of sucrose might stimulate the 
activities of the enzymes for the breakdown of sucrose into glucose and fructose, 
increasing the availability of glucose for the production of EPS. The extracellular 
enzymes, endoglucanase and cellobiohydrolase, had the highest activity when the 
crystalline cellulose (644 and 63 mll/mL of culture broth for endoglucanase and 
cellobiohydrolase, respectively) or filter paper (574 nad 67 mU/mL of culture broth 
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for endoglucanase and cellobiohydrolase, respectively) were used in the SmF of 
mycelium of Volveriella volvacea (Cm et al” 1999). Both enzymes showed very low 
activity around 3-57 and 5-14 mU/mL of culture broth, respectively in medium with 
other carbon sources including carboxymethyl cellulose, cotton wool, salicin and 
xylitol (Cai et al, 1999). This showed that appropriate substrate might have a great 
increase in the enzyme activity for the mycelium to utilize the carbon source. 
Therefore medium containing sucrose might stimulate sucrase to breakdown sucrose 
into glucose and fructose for the utilization by mycelium of A C and the glucose 
produced could be used for the production of EPS. From the study of Kim et al 
(1999)，the two kinds of EPS of A C isolated from medium containing starch were 
mainly composed of glucose, fucose and inositol. The difference observed might be 
due to the difference in carbon source (starch) used in their study. 
As shown in Table 3.4 and 3.5, mannose was the major component of the EPS 
of PTR and AC. In some EPS such as PTREGT and ACES, the glucose to mannose 
ratio was about 1:1 with some specific carbon sources. The EPS of Hericium 
erinaceus also contained a comparatively higher content of mannose (35.4%) (Yang, 
et al., 2003) and that of Auricularia polytricha contained mainly mannose (51.2%) 
and galactose (32.9%) (Yang et al., 2002). However, the EPS of H. erinaceus also 
contained a substantially high content of galactose (34.1%) and fucose (20.1%) 
which was different from the EPS of PTR and A C in our study. The high content of 
mannose in the EPS indicated that the EPS might have a mannan backbone with 
glucose and galactose residues as side chains. A culinary-medicinal yellow 
mushroom, Tremella mesenterica Ritz.:Fr., was found to produce a 
glucuronoxylomannan which had a mannan backbone in its culture medium 
(Vinogradov et al., 2004). However, the monosaccharide composition of the EPS of 
PTR was different from that of two mushrooms of the same genus, P. ostreatoroseus 
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and R ostreatus “florida”. The EPS of R ostreatoroseus and P. ostreatus "floride" 
contained 95.5 and 87.7% glucose, respectively with small amount of galactose, 
mannose，xylose and arabinose (Rosado et al, 2003) while that of PTR in our study 
contained mainly mannose. It shows that the monosaccharide composition and 
structure may be different in different species. Since the EPS of PTR and A C mainly 
contained mannose with small amount of glucose and galactose, the EPS of PTR and 
A C might be glucomannan or galactomannan. The structure of the EPS of PTR 
would be further discussed in 3.2. 
3.1.4 Summary 
In general, carbon sources (carbohydrates) affected the yield of mycelium and 
EPS as well as the chemical composition including the content of carbohydrate and 
protein, and monosaccharide composition of the EPS produced by mushroom 
mycelium. A C had a strong trend that the higher the mycelial yield produced the 
lower EPS yield. The best carbon source for mycelial growth was not necessary the 
best carbon source for production of mycelium. All of the three mushrooms had the 
highest mycelial yield in medium containing mannose while the highest EPS yield 
was obtained in medium of lactose (260 mg dry wt./L), sucrose (385 mg dry wt./L) 
and sucrose (180.8 mg dry wt./L) for PTR, A C and GF, respectively. The EPS of 
PTR and A C mainly contained mannose, glucose and galactose in composition. 
Mannose gave the highest mycelial yield in all of the three mushrooms, PTR 
(6.55土0.26 g dry wt./L), A C (5.86士0.70 g dry wt./L) and GF (2.07土0.24 g dry wt./L). 
However, this carbon source did not strongly stimulate the production of EPS in all 3 
mushrooms with an EPS yield of 145, 68.0 and 144.1 mg dry wt./L only for PTR, AC 
and GF respectively. Generally, the EPS produced by this carbon source was mainly 
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polysaccharide (around 70% carbohydrate) with a rather high protein content over 
10%. In addition, both P T R E M and A C E M contained mannose-to-glucose ratio at 
about 3:1. It might imply that both PTR and A C might contained mannokinase and 
phosphomannose isomerase to convert mannose into fructose-6-P and then to glucose 
by phosphoglucoisomerase and glucose-6-phosphatase (Jennings, 1995). It seemed 
that all the three mushrooms used mannose efficiently in increasing the biomass of 
mycelium and in production of EPS. 
Glucose could also support well the mycelial growth of all the three mushrooms, 
PTR (5.87士0.73 g dry wt./L), A C (3.90士0.19 g dry wt./L) and GF (1.96±0.15 g dry 
wt./L). This carbon source gave an EPS yield (184.6, 93.0 and 174.2 mg dry wt./L 
for PTR, A C and GF, respectively) higher than that of mannose. The EPS of PTR and 
the top fraction of the EPS of GF isolated from medium containing glucose were 
high in carbohydrate content at around 70%. Both PTR and GF utilized glucose well 
in the production of EPS. The EPS of A C contained only 50% carbohydrate which 
showed that the materials isolated in this fraction had other non-carbohydrate 
component. 
Mannitol and sorbitol supported well the growth of mycelium of PTR but not 
the mycelium of A C and GF. However, the EPS yield of PTR and A C in medium 
containing these two carbon sources were rather high in which the EPS yield of PTR 
in medium containing mannitol and sorbitol were 162 and 193 mg dry wt./L, 
respectively while that of A C in medium containing mannitol and sorbitol were 207 
and 341 mg dry wt./L, respectvely. In addition, the carbohydrate content of the EPS 
of PTR produced from these two carbohydrate was very high (over 90%). These two 
carbon sources could stimulate the production of EPS in PTR. However, the 
carbohydrate content of EPS of A C was lower (around 50% only). Mannitol and 
sorbitol also stimulated the conversion of the carbon sources into mannose in the 
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production of EPS of PTR which contained 85% mannose. It seemed that mannitol 
cycle might be functioning in the mycelium of PTR to produce EPS that might have 
different structure and biological activities than those from A C and GF. 
Several carbon sources including glucose, fructose, mannose and mannitol gave 
a relatively higher mycelial yield of PTR (around 5 g dry wt./L) and substantial 
amount of EPS (all over 100 mg dry wt./L) in a short incubation period (8 days). 
Scale-up production of mycelium of PTR could be done in medium containing these 
four carbon sources to get sufficient amount of mycelium and EPS for further study 
on how carbon sources affecting the structure of the polysaccharides produced. In 
addition, the higher carbohydrate content of the EPS of PTR showed that I was 
easier to be purified. Therefore, PTR was chosen for the following experiments 
including a scale-up production in 400 m L medium in 1L shake-flask and in 8L 
medium in 8L fermentor，molecular weight analysis of polysaccharides of EPS and 
H W E of mycelium and glycosyl linkages of EPS and H W E of mycelium. 
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3-2 Production of mycelium, EPS of PTR by 
submerged fermentation in 1L shake-flask 
and 8L fermentor with liquid medium 
containing different carbon sources 
3.2.1 Mycelial production of PTR 
Glucose, fructose, mannose and mannitol were chosen as the carbon sources for 
the scale-up production of mycelium and EPS in 1L shake-flask due to the fact that 
these four carbon sources gave the highest mycelial yield in 250 m L shake-flask. The 
mycelial yield of PTR obtained in 1L shake-flask with medium containing 4 different 
carbon sources, glucose, fructose, mannose and mannitol, ranged from 2.52±0.29 to 
5.85士0.82 g dry wt./L. The mycelial yield of PTR in 1L shake-flask with medium 
containing fructose was the highest (p < 0.05) while that in medium containing 
mannitol was the lowest (p < 0.05) (Table 3.6). The trend of the mycelial yield in 
medium of different carbon source (mannose, glucose and mannitol in a descending 
order) was the same as the SmF done in 250 m L shake-flask except the case of using 
fructose as the carbon source. The mycelial yield of PTR cultured in 1L shake-flask 
was generally lower than that cultured in 250 m L shake-flask except the mycelial 
yield of PTR cultured in medium containing fructose. As shown in Figure 3.3, the 
initial concentration of dissolved oxygen in 250 m L shake-flask was higher than that 
in 1L shake-flask. This might cause the initial growth rate of mycelium in 250 m L 
shake-flask to be faster and so the final mycelial yield would be higher. Yang et al 
(1998) had demonstrated that Ganoderma lucidum produced more EPS in 500 m L 
Erlenmeyer flask with 100 m L medium of glucose with baffle (Figure 3.5, which 
could increase the aeration condition) (1.71 mg dry wt./L) than either in 500 m L . 
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Erlenmeyer flask with 100 m L medium without baffle (1.62 mg dry wt./L) or in 250 
m L Erlenmeyer flask with 100 m L medium with (1.22 mg dry wt./L) or without 
(1.08 mg dry wt./L) baffle. This showed that higher flask volume-to-medium volume 
ratio might give faster air transfer rate to the medium due to the fact that larger flasks 
have larger surface area-to-volume ratio under the same medium volume for the 
exchange of air between the outer atmosphere and the surface of medium. In our case, 
the flask volume-to-medium volume ratio (2.5:1) was the same in both small scale 
production in 250 m L shake-flasks and scale-up production in 1L shake-flasks. 
However, similarly, the area of the medium surface-to-volume ratio in 400 m L 
medium in 1L shake-flasks was smaller than that in 100 m L medium in 250 m L 
shake-flasks and so air exchange was poorer in 400 m L medium in 1L shake-flask 
than in 100 m L medium in 250 m L shake-flask. In addition, in terms of mass transfer 
under the same rotation rate during shaking, the 100 m L medium in 250 m L 
shake-flask should give a better mixing of material than the 400 mL medium in 1L 
shake-flask. Lee et al (2004) had reported that mass transfer in stirred-tank 
fermentor was better than in airlift fermentor to give a higher mycelial and EPS yield. 
For the same reason, mycelial growth in 100 m L medium in 250 m L shake-flask 
should be better than that in 400 m L medium in 1L shake-flask. 
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T a b l e 3-6 Mycelial and EPS yield of PTR from 1L shake-flask and 8L fermentor 
with medium containing different carbon sources 
Carbon Mycelial Mycelial ~~~Yield ofEPS
#
Yield of EPS* 
Source Yield
#






 3.67 士 0.27d，E 184^6 818 








d，G 145 110 
Mannitol 5.03 土 0.30C，H 2.52 土 0.29d，H .162 97.9 
b 
Glucose(8L) N A 5A9 N A 91.0 
N A = Not Available ~ “ ~~ 
a
Mycelium grew in 400 m L medium in 1L conical flasks 
Mycelium grew in 8L medium in 8L fermentor 
#
Mycelial and EPS yield obtained in 250 m L shake-flask with 100 m L medium (Data 
^from Table 3.1 and 3.2) 
•Mycelial and EPS yield obtained in 1L shake-flask with 400 m L medium or 8L 
fermentor 
Mycelial yield (mean value 士 standard deviation, n = 18) in each column having the 
same superscript has significant difference (p < 0.05) 
Mycelial yield (mean value 士 standard deviation, n = 18) in each row having the 
same superscript has significant difference (p < 0.05) 
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Figure 3.4 Changes of dissolved oxygen concentration in 100 mL medium in 250 
mL conical flask and 400 mL medium in 1000 mL conical flask kept in shaker 
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Figure 3.5 Baffled 250 and 500 mL Erlenmeyer flask (Bellco) 
The mycelial yield of PTR cultured in 8L fermentor (5.19 g dry wt./L) was 
comparable to that cultured in 250 mL shake-flask (5.87士0.73 g dry wt./L), but 
higher than that cultured in 1L shake-flask (Table 3.6). In the stirred-tank fermentor, 
air was actively and continuously pumped into the medium and so aeration (about 
0.5 v.v.m.) was enough to support the growth of the mycelium of PTR which was 
comparative to the mycelial growth in 250 mL shake-flask. Previous studies had 
demonstrated that higher aeration rate could improve the mycelial growth of fungal 
mycelium. Cordyceps militaris，a medicinal fungus, had a faster growth rate in a 5L 
fermentor at aeration rate of 4 v.v.m (vol. vol." min" ) than either in 0.5 v.v.m. or 2 
v.v.m. (Park, et al., 2002). Paecilomyces sinclairii also grew faster in 5L fermentor at 
a higher aeration rate of 3.5 v.v.m. rather than a lower aeration rates of either 0.5 or 
1.5 v.v.m. (Kim et al., 2003a). In another study by Lee et al. (2004), the yield of 
mycelium and EPS of GF in 50 mL medium of glucose in 250 mL shake-flask (3.6 
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and 1.9 g dry wt./L for mycelial and EPS yield, respectively) and 5L medium of 
glucose in stirred-tank (maximum myield of mycelium and EPS at 16.9 and 9.56 g 
dry wt./L, respectively) and airlift (maximum yield of mycelium and EPS at 10 g and 
4.53 dry wt./L, respectively) fermentor were compared. The aeration rate of both 
stirred-tank and airlift fermentor was controlled at 1.16 v.v.m. It was found that 5L 
stirred-tank fermentor gave the highest mycelial yield compared with shake-flask and 
5L airlift fermentor. It was proposed that fermentors gave a better aeration condition 
than shake-flask since the oxygen supply in shake-flask was limited and stirred-tank 
fermentor gave better mixing of materials in the medium. Lee et al (2004) also 
found that the desired morphology for the mycelial growth of GF was loosely 
mycelial clump with high hairness rather than compact pellets. The desired mycelial 
morphology could be obtained in stirred-tank with a high aeration rate at 1.16 v.v.m. 
On the contrary, the mycelial morphology in the airlift fermentor remained as 
compact pellets throughout the fermentation period even though high aeration rate 
was used. This suggested that aeration, mass transfer in the medium and morphology 
of mushroom mycelium during growth were also important in obtaining a high yield 
of mycelium and EPS. In our study on the mycelium of PTR, it was also found that 
aeration was an important factor on the mycelial growth in which the mycelial yield 
in 8L fermentor with continuous aeration was higher than that in 400 m L medium in 
1L shake-flask (Table 3.6). However, due to the limitations of the present fermentor, 
aeration rate higher than 0.5 v.v.m. could not be used, otherwise foaming would be 
resulted and the medium in the fermentor would split out. Further studies using other 
fermentors should be done to optimize the conditions in fermentor so as to find out 
whether it is possible to give a higher mycelial yield than in 100 m L medium in 250 
m L shake-flask. 
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3.2.2 EPS Production of PTR 
The yield of EPS of PTR isolated from 1L shake-flask ranged from 85.8 to 133 
mg dry wt./L (Table 3.6). Generally, except in the case of the EPS yield of PTR in 
medium containing fructose, the EPS yield of PTR in 1L shake-flask was lower than 
that in 250 m L shake-flask. This might be due to the fact that ultra-filtration was 
more efficient than ethanol precipitation and dialysis in the removal of small 
molecules, during the isolation of EPS in the culture medium. The decrease of both 
of the mycelial and EPS yield might also be caused by the poor air exchange and 
mass transfer conditions in 1L shake-flask as discussed in 3.2.1. When compared the 
case of 250 m L shake-flask and 1L shake-flask, it was observed that the lower the 
mycelial yield of PTR production by using the same carbon source such as glucose, 
mannose and mannitol, the lower the EPS production. On the other hand, the 
mycelial yield of PTR in medium containing fructose in 1L shake-flask increased 
with the increase of EPS yield. In addition, the mycelial and EPS yield of PTR 
isolated from 8L fermentor with medium containing glucose was higher than that 
cultured in 1L shake-flask with medium containing glucose. These showed that there 
might a relationship between the mycelial and EPS yield which both increased 
simultaneously in medium containing the same carbon source. This relationship 
might be caused by other reasons such as aeration and mass transfer but not caused 
by carbon source used. By using the same carbon source, the mycelial and EPS yield 
could be increased by many ways where the most common one was by increasing the 
carbon to nitrogen source ratio (G:N ratio). In the study by W u tt al (2004), the 
favorable C:N ratio was found to be 24:1 for the mycelial growth of PTR in the same 
basal medium and environmental conditions as in our study. They found that the 
mycelial yield of PTR increased in C:N ratio ranged from 6:1 to 24:1 and then 
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decreased in C:N ratio ranged from 48:1 to 96:1 (Wu et al., 2004). Although the 
same C:N ratio (24:1) in medium of glucose had been used in our study, we obtained 
a lower mycelial yield (5.87土0.73 g dry wt./L) compared with that in the study by 
W u et al. (2004). It might due to the fact that 20 days of incubation period was 
chosen by W u et al. (2004) for the SmF of PTR while 8 days of incubation period 
was chosen in our study. However, as we discussed in 3.1.1., the mycelium of PTR 
could not maintain a compact pellet after 8 days and 8-day was chosen as the 
incubation period. In the study of the production of mycelium and EPS of 
Cordycepes militaris C738, both the mycelial biomass and the EPS yield were 
increased by increasing the concentration of sucrose in the medium used (Kim et al., 
2003b). In another study of the same fungus, the mycelial biomass and the EPS yield 
were increased from 8.75 to 27.00 g dry wt./L and from 2.08 to 6.99 g dry wt./L, 
respectively by increasing the C (sucrose): N (corn steep powder) ratio from 1:1 to 
20:1 (Park, et al, 2001). The dry cell weight and the EPS yield of the mycelium of 
Paecilomyces sinclairii were found to increase from 7.9 to 17.9 g dry wt./L and 1.0 
to 2.9 g dry wt./L, respectively by increasing the C (sucrose):N (corn steep powder) 
ratio from 1:1 to 12:1 (Kim et al.，2002c). However, when the C:N ratio was raised to 
20:1, the mycelial yield increased to 30.0 g dry wt./L with a decreased in the EPS 
yield to 2.7 g dry wt./L. This implied that the production of mycelium and EPS may 
increase at the same time by changing one factor, however, the optimal condition 
including the carbon source for the production of mycelium and EPS might be 
different. This was supported by many other studies. For instance, both the mycelial 
growth rate and EPS production rate of Cordyceps militaris were increased by 
increasing the aeration rate from 0.5 v.v.m to 2 v.v.m., however, the optimal aeration 
rate for the mycelial growth was 4 v.v.m. while that for the EPS production was 2 
v.v.m. (Park et al, 2002). In our study, the decrease of both of the mycelial and EPS 
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yield may be caused by the poor air exchange condition in 1L shake-flask as 
discussed in 3.2.1. 
When comparing EPS yield in 400 ML medium in JL shake-flask and in 8L 
medium in stirred-tank fermentor, a higher EPS yield was obtained in the culture 
medium in 8L fermentor (Table 3.6). As discussed in 3.2.1., the aeration and mass 
transfer conditions were better in stirred-tank fermentor. In stirred-tank fermentor, 
the EPS produced around the mycelial pellets could be rapidly distributed evenly in 
the medium by the turbulence produced by the propeller. Therefore, the 
concentration gradient of EPS around the mycelial pellets was lowered and so 
increased the production of EPS in fermentor. Many other studies on other 
mushrooms showed that mycelial and EPS yield could reach a higher maximum 
yield in fermentor. The mycelial of Paecilomyces japonica could reach 10.4 g dry 
wt./L in a 2.5L jar fermentor while only 5.75 g dry wt./L could be obtained in 
shake-flask with medium of maltose (Bae et al., 2000). The EPS yield of 
Paecilomyces japonica was markedly increased by 40% in fermentor compared with 
that in shake-flasks (Bae et al., 2000). It showed that both mycelial yield and EPS 
yield could be increased by using a fermentor with well-controlled conditions. It was 
comparable to our findings that both mycelial and EPS yield of PTR was increased in 
the 8L fermentor compared with that in 400 m L medium in 1L shake-flasks. 
However, in order to optimize the production of mycelium and EPS of PTR, further 
studies should be done on how aeration rate and agitation power affect the 
production of mycelium and EPS of PTR. 
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3.2.3 Chemical characteristics of EPS of PTR 
3-2.3.1 Carbohydrate and protein content 
The carbohydrate and protein content of the EPS of PTR isolated from 1L 
shake-flask and 8L fermentor containing medium with the 4 different carbon sources 
ranged from 49.8士8.72 to 83.4士 1.30% and from 7.61 士0.22 to 15.9士0.19%, 
respectively (Table 3.7). The carbohydrate content of EG (49.8土8.72%) was lower (p 
< 0.05) than that of EG8L (83.4±1.30) and PTREGT (76.8士5.25%). However, the 
carbohydrate content of EG8L was similar to that of PTREGT and PTREGB. This 
again supported our previous discussion that the 8L fermentor gave similar 
conditions as 250 m L shake-flask so as to give similar purity of EPS in both SmF 
conditions. In addition, apart from mycelial and EPS yield, aeration and mass 
transfer conditions also seemed to affect the carbohydrate composition. 
Table 3.7 Carbohydrate, total sugar and protein contents of EPS of PTR grown 
in 1L shake-flask and 8L fermentor with medium containing different 
carbon sources 
EPS of PTR* % C H O
# %TSm %?m 
EG 49.8 士 8.72b ~ 38.6 士 2.42d 7.61 士 0.22 
EF 56.6±5.49
b






EN 82.5 士 0.69a 47.1±0.79c 12.3 士 0.20e 
EG8L 83.4 士 1.30a 48.3±0.88c 15.9±0.19 
EG = EPS of PTR cultivated from medium containing glucose in 1L shake-flask; 
EF = EPS of PTR cultivated from medium containing fructose in 1L shake-flask; 
E M = EPS of PTR cultivated from medium containing mannose in 1L shake-flask; 
EN = EPS of PTR cultivated from medium containing mannitol in 1L shake-flask; 
EG8L = EPS of PTR cultivated from medium containing glucose in 8L fermentor 
% dry wt. of carbohydrate by phenol-sulphuric acid method 
% dry wt. of total sugar by GC analysis 
m
% dry wt. of protein by Lowry method 
Data (mean value of 2 士 standard deviation) of the same superscribe has no 
significant difference withp > 0.05 
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The carbohydrate content of the other EPS including EF, E M and EN, showed 
no significant difference to the carbohydrate content of the EPS, PTREF，PTREM 
and PTREN which were isolated from 100 m L medium in 250 m L shake-flasks. The 
carbohydrate content of EN was the highest (p < 0.05) among the others and the 
carbohydrate contents of EF and E M were similar (Table 3.7). This was comparable 
to the result in 250 m L shake-flask indicating EPS of similar quality could be 
obtained in scale-up production in 1L shake-flask. Again it supported the discussion 
in 3.1.3.1 that the mycelium of PTR was capable of converting mannitol into the EPS 
structure. 
From the carbohydrate content, it seemed that PTR could utilize fructose, 
mannose and mannitol more efficiently for producing EPS in similar pathway with 
oxygen as the limiting condition in 400 m L medium in 1L shake-flasks than glucose. 
Mannose and mannitol could be utilized by converting into fructose by mannose 
dehydrogenase and mannitol dehydrogenase. Other than glycolysis, fructose might 
enter the pentose phosphate pathway by converting in fructose 1-phosphate and 
further converted into other monosaccharides by other pathways and so the high 
level of carbohydrate content of EPS from medium of fructose, mannitol and 
mannose could be maintained even in scale-up production. 
The protein content of all EPS isolated from 1L shake-flask except the EPS 
isolated from medium containing mannitol was significantly lower (p < 0.05) from 
that isolated from 250 m L shake-flask (Table 3.7). The proteins that were not bound 
to polysaccharides in the medium with a molecular size smaller than < 10000 might 
be screened out by ultra-filtration process during the preparation of the EPS isolated 
from 1L shake-flask, resulted in a lower protein content than those from the 250 mL 
shake-flask. 
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3-2.3.2 Monosaccharide composition 
Table 3.8 shows the monosaccharide composition of the EPS of PTR isolated 
from 1L shake-flask and 8L fermentor with medium containing different carbon 
sources. The EPS of PTR obtained from 1L shake-flask were mainly contained 
mannose (over 70%) in the EPS. Apart from mannose, the content of glucose and 
galactose were only at around 5%. The monosaccharide composition of the EPS 
obtained from 1L shake-flask was similar to that obtained from 250 m L shake-flask 
(Table 3.5 and 3.8). The three major monosaccharides, i.e. mannose, glucose and 
galactose, of EG, EG8L and PTREGT and that of EF and PTREF had no significant 
difference between groups (p > 0.05) (Table 3.8). This might imply that EPS of PTR 
produced in scale-up production by using glucose and fructose as the carbon sources 
had a rather constant monosaccharide composition. However, the monosaccharide 
composition of E M and EN showed some variations compared to the EPS isolated 
from 250 m L shake-flask. The mannose and glucose contents of EN were similar to 
that of PTREN while the galactose content (4.92土0.17%) of EN was significantly 
higher than that of PTREN (3.55±0.11%). However, the difference in the galactose 
content was so small that might be negligible. The mannose content (82.0±0.75%) of 
E M was significantly higher than that of P T R E M (66.9土 1.53%) and the glucose 
content (4.48±0.07) of E M was significantly lower than that of P T R E M 
(18.1 土3.72%). It might imply that the higher amount of mannose in 1L medium 
facilitated the incorporation of mannose into EPS. However, there was no previous 
study on the relationship of concentration of carbon source and the composition of 
EPS. It would be interesting to see whether the higher amount of the basic 
monosaccharide of the EPS provided in the medium could enhance the content of 
that basic monosaccharide in the EPS. 
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EF contained the highest amount of glucose (p < 0.05) among all other EPS of 
PTR (Table 3.8). This might imply that PTR utilized fructose in an alternative 
pathway (might be via pentose phosphate pathway) and it might stimulate some 
enzymes involving in converting fructose into glucose. However, the exact pathway 
needed to be further investigated. 
Table 3.8 Monosaccharide compositions of EPS of PTR cultivated from 1L 
shake-flask and 8L fermentor with medium containing different 
carbon sources 
EG EF E M EN EG8L 
Rha - 0.83 士 0.16 - - . 
Fuc 0.51 士0.04 0.81 土 0.02 0.89 士 0.07 - 0.30±0.43 
Rib - 0.10 土 0.14 - - -
Ara 0.27 土 0.08 - . _ _ 





 73.1 士 1.04f 82.0 土 0.75d，e 86.1±3.11d 76.0 士 1.00e，f 
Gal 5.12 士 0.01g 5.41 土 0.12g 3.85 士0.45 4.92士 0.17g 5.37 土 0.03g 
Glc 7.97 士 0.11h 16.1 土0.48 4.48±0.0夕 3.44 士 0.171 7.10±0.75h 
GlcNAc 1.09 士 0.23j 0.97 士 0.59s 2.98 土 0.17j 2.20 土 0.58J 4.68 士 3.001 
GalNAc - - - 4.66 土0.77 2.99土 4.23 
Uronic Acid 2.26±0.21
k
 0.51 士0.10 3,25士 0.25k - 3.25±0.34k 
*Data (mean value of 2 土 standard deviation) along the rows of the same superscribe 
has no significant difference withp > 0.05 
The monosaccharide composition of the EPS of PTR from different carbon 
sources in small-scale and scale-up experiments were similar (Table 3.5 and 3.8). 
Many previous studies had concentrated on the mycelial and EPS yield in medium of 
different carbon sources, but not on the effect of carbon sources and scale-up 
production in the structure of EPS. This gave an important information to industrial 
application that small scale investigation of EPS could be used before scale-up to 
industrial production. Apart from the EPS yield, carbohydrate and protein content, 
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the effect of carbon sources, especially for the effect of glucose and fructose, on the 
production of EPS of PTR could be maintained in scale-up production in terms of 
monosaccharide composition. To maintain the chemical composition of 
polysaccharide would be very important since different chemical structure could 
have different biological activities as discussed in 3.1.3.1 in which the top fraction of 
EPS of GF with a lower carbohydrate content produced in glucose medium exerted a 
higher percentage of superoxide radical inhibition than that in potato dextrose broth 
medium. 
3.2.4 Structural characteristics of EPS of PTR 
3.2.4.1 Molecular weight of EPS of PTR by HPLC 
The molecular weight of the EPS of PTR ranged from 4.23xl0
4
 M W to 5.93x 
10
4
 M W (Figure 3.7). All samples contained a broad peak while EG, EF and E M 
contained a minor peak which represented some small molecules when compared 
with the standards (Figure 3.6). The molecular weight of EG, EF and EG8L were 









 M W , respectively). It showed that in scale-up 
production of EPS of PTR in fermentor, the structure of EPS in terms of molecular 
weight was comparable to that of EPS produced in 1L shake-flask. 
The reasons why mannose and mannitol could produce EPS with relatively high 
molecular weight than other carbohydrates were not known. Probably it would due to 
the difference in the enzymes (carbohydrate synthase) involved in the synthesis of 
EPS (mainly mannan). It seemed that mannose and mannitol might be the 
appropriate carbon sources to activate the enzymes needed to build up the EPS of 
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PTR. This result again showed that different carbon sources could have different 
effect on the enzymes involved in the production of polysaccharides in which if the 
right substrate is provided, the enzyme activity could be higher. 
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Figure 3.6 Size-exclusion chromatograms of standards (pullulan) for the 
molecular weight analysis of polysaccharides; 
P800 = 78.8xl04 MW; P400 = 40.4xl04 MW; P200 = 21.2xl04 MW; 
P100 = 11.2xl04 MW; P50 = 4.73xl04 MW; P20 = 2.28xl04 MW; 
P10 = 1.18xl04 MW; P5 = 0.59xl04 MW 
HPLC conditions: 
HPLC system 一 Waters 2695 HPC system; 
Column - SUPELCO Progel™ TSK 6000PW column; 
Solvent - 0.2M NaCl; isocratic 
Flow rate and temperature - 0.9 ml/min (25°C)； 
Detector - Refractive idex detector 
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Figure 3.7 Size-exclusion chromatograms of EPS of PTR grown in 1L 
shake-flask and 8L fermentor with medium containing different 
carbon sources 
HPLC conditions: 
HPLC system - Waters 2695 HPC system; 
Column 一 SUPELCO Progel™ TSK 6000PW column; 
Solvent 一 0.2M NaCl; isocratic 
Flow rate and temperature - 0.9 ml/min (25°C)； 
Detector - Refractive idex detector 
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3 .2A2 Glycosyl linkages of EPS of PTR by GC-MS of PMAA 
As shown in Table 3.9, the EPS of PTR were mainly consisted of a 
(2->6)-mannan backbone with linkages linked to the 1-position of mannose. The 
linkages may be composed of [->l)Glc(3->], [~>l)Glc(6—], )Gal(6—] and even 
2)Man(6~>] with the terminal group of [Man(l—]. The EPS of PTR had a large 
amount of branches which was almost at the ratio of 1:1 to the backbone linkage, 
2)Man(6~>]. The branching points may be positioned between every single 
backbone linkage as shown in Figure 3.8. Such high branched polysaccharide made 
it easy to dissolve in water. EG and EN contained the highest and the lowest portion 
of l)Glc(6~>] linkage，respectively. It seems that glucose stimulates the synthesis 
of [~M)Glc(6—] linkage in the EPS of PTR while mannitol was not favourite for the 
synthesis of l)Glc(6~>]. EM, EN and EG8L contained the highest portion of 
[~>l)Glc(3—] while EG contained the lowest portion of such linkage. It seems that 
mannose and mannitol favored the synthesis of [~>l)Glc(3—] while fructose 
inhibited the synthesis of such linkage. In scale-up production of EPS of PTR in 
fermentor which provide a better aeration and larger absolute amount of glucose, the 
synthesis of the linkages, [->l)Glc(3->] and [->2)Man(6->], were stimulated. This 
might be due to the fact that the corresponding enzymes were already activated in the 
seed culture which was prepared by 1L shake-flask for 8 days and in addition, the 
enzymes for the synthesis of these two linkages were stimulated by glucose. These 
results could give some information on the production of the desired polysaccharide 
using the appropriate carbon source since that there was not many studies concerning 
the effect of carbon sources on the structure of EPS. 
4- >1 I 
i i l 
~>2)Man(6~>2)Man(6~>2)Man(6~>2)Man(6~>2)Man(6~>2)Man(6—2)Man(6~> 
Figure 3.8 Proposed branching position of EPS of PTR 
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It was the first report to reveal that the EPS of PTR was a mannan with a 
backbone composed of [->2)Man(6^]. There were other mannans found in fungi in 
other sUidies. The EPS of Tremella mesenterica, a culinary-medicinal yellow brain 
mushroom, was reported to composed of a 3)-a-Man-(l—] backbone with 
branches of various linkages such as [->4)Glc(l->]5 [->2)Xyl(l->] , [_>3)Xyl(l->] 
and [~>4)Xyl(l—] as shown in Figure 3.9 (Vinogradov et al., 2004). A 
glucomannan of molecular weight more than 2,000,000 M W isolated by hot water 
extraction of Agaricus blazei was found to be composed of [-^l)-p-Man-(2^] 
backbone and [->l)-P-Glc-(3->] side chain (Mizuno et al., 1999). Mannan could 
also be isolated from the fruiting bodies of Morchella esculenta (Duncan et al,, 2002) 
and Tremella fuciformis {QdiO et al, 1996) with [->l)Man(2->] and [->l)Man(3->] 
linked backbone, respectively. Gutierrez et al (1996) had studied the structure of 
EPS of 6 different species of Pleurotus. They had divided the EPS into water soluble 
and major fractions. The major fraction was found to be a (l->3)-glucan with 
branches at 6-position carbon. The water soluble fraction contained mainly glucose 
and mannose while glucose was the major fraction. The basic structure of the 
water-soluble EPS was found to be a (l->4)-a-glucan with mannopyranosyl and 
galactopyranosyl residues branched at the 6-position carbon. The mannopyranosyl 
residue was found to be (1—2) linked. These findings were so different from our 
results in the structure of EPS of PTR which was a (2-^6) linked mannan. However, 
there was a ~>2，6)-Man-(l— branching point found in the EPS of other Pleurotus 
species and this was also found in our EPS of PTR. This showed that Pleurotus 
species contained enzymes for the synthesis of (2—6) linked and 1-position 
branching of mannan. 
1 —2)'p«Xy 逢”(1 ~>4)-0«Xyl-(l 
Figure 3.9 Proposed structure of a polysaccharide from submerged culture of 


















































































































































































































































































































































































Aeration and mass transfer rate were important in the production of mycelium 
and EPS of PTR. Generally, the mycelial and EPS yield in 400 m L medium in 1L 
shake-flasks was lower than that in 100 m L in 250 m L shake-flasks due to the fact 
that the aeration and mass transfer condition under the same rotation rate in shaker 
was poorer in 400 m L medium in 1L shake-flasks than in 100 m L medium in 250 m L 
shake-flasks. In addition, the aeration and mass transfer conditions of the fermentor 
in our study seemed to be similar to those in 100 m L medium in 250 m L shake-flask 
in which the mycelial yield obtained in both 250 m L shake-flask and the 8L 
fermentor using the same medium of glucose was similar. The carbohydrate and 
protein content of the EPS of PTR except that isolated from medium of glucose were 
generally similar in scale-up production in 400 m L medium in 1L shake-flask 
(oxygen-limiting) to those in small scale production in 100 m L medium in 250 m L 
shake-flask. It seemed that fructose, mannose and mannitol might be metabolized 
through pathway such as pentose phosphate pathway other than glycolysis. The 
monosaccharide composition of the EPS of PTR was mainly composed of mannose 
(around 73-86%), glucose (around 3-16%) and galactose (3-5%) which varied in 
different carbon sources. Generally, the monosaccharide composition of the EPS of 
PTR in different carbon sources from scale-up production in 1L shake-flask and 8L 
fermentor was similar to that of small-scale production in 250 m L shake-flask 
showing that scale-production of EPS of PTR was possible without changing the 
chemical structure of the EPS. In addition, the molecular weight of the EPS of PTR 
was generally around 40000 delton except E M and EN. However, when mannose 
was used as the carbon source, increased the mannose content and the molecular 
weight of EPS in PTR showing that the enzymes activity dealing with mannose in 
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the production of EPS could be enhanced. The EPS of PTR was found to be a 
(2->6)-mannan with branches with linkages of —l)Glc(3~>, ->l)Glc(6-> and 
— l)Gal(6~>. Various carbon sources affected the molar ratios of the glycosyl 
linkages showing that the structure of the EPS of PTR might be different in medium 
of different carbon sources. 
These results showing that scale-up production in industrial scale of EPS of 
PTR without changing of the structure of EPS was possible. In addition, appropriate 
substrate could increase the structure of the EPS of mushrooms. 
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3.3 Hot water extraction of mycelium of PTR 
from the scale-up submerged fermentation 
in 1L shake-flask and 8L fermentor with 
liquid medium containing different carbon 
sources 
3-3.1 Yield of hot water extract (HWE) of mycelium of 
PTR 
Hot water extraction caused the lowest degradation to the original structure of 
the polysaccharides in the mycelium. Therefore hot water extraction was chosen for 
the investigation of the effect of carbon sources on the structure of the intracellular 
polysaccharides of mycelium. Except HG8LC, the yield of H W E mycelium of PTR 
cultivated in medium containing different carbon sources was between 6.50 to 7.75% 
with 35.9 to 48.0% residue which could not be extracted by hot water (Table 3.10). 
Less than 50% residue was left after extraction showing that the mycelium of PTR 
contained a high portion of small molecules which were dissolved in hot water and 
were screened out during dialysis. HG8LC had only 4.58% of yield with a large 
amount of hot water insoluble residues (64.5%). This might be due to the fact that the 
mycelium grown in 8L fermentor (a total of 12 days including the preparation of the 
seed culture) was more mature than that in 1L shake-flask (8 days) resulted in more 
insoluble cell wall materials produced in the former. 
The percentages of water-soluble polysaccharides and water insoluble materials 
were not affected very much by different carbon sources except for the percentage 
95 
residues (35.9%) of mycelium of PTR from medium of mannose (Table 3.10). It 
seemed that mannose was more favorable for the production of water soluble 
materials with lower molecular weight which were screened out during dialysis 
(8000-10000 M W cut off). They might be some oligosaccharides which is another 
important biological active material found in nature. However, the identity of the 
small molecules which has not been studied in here should be further investigated to 
see whether they are potential medicinal materials. 
T a b l e 3 1 0 Yield of HWE of mycelium of PTR from scale-up production 
including using 1L shake-flask and 8L fermentor with medium 
containing different carbon sources. 
Carbon Sources Symbol Yield (mg / g of mycelium)
 #
Residue % 
Glucose4oo H G C 65.0 (6.50% by dry wt.) 48.0% 
Fructose HFC 76.8 (7.68% by dry wt.) 47.1% 
Mannose HMC 63.6 (6.36% by dry wt.) 35.9% 
Mannitol H N C 77.5 (7.75% by dry wt.) 46.9% 
Glucose8L HG8LC 45.8 (4.58% by dry wt.) 64.5% 
Residue is the materials in mycelium which could not be extracted by hot water 
The yield of different fractions isolated by fractional ethanol precipitation of the 
crude H W E of mycelium of PTR are shown in Table 3.11, 3.12, 3.13, 3.14 and 3.15. 
Normally, for all of the H W E of mycelium of PTR cultivated from medium 
containing different carbon sources, the two major fractions (fraction 1 and 2) with 
the highest molecular weight were found. From the yield of the different fractions, 
we could observe that different carbon sources and cultivating conditions affected the 
profiles of the polysaccharides of mycelium of PTR. For the H W E isolated from 
mycelium of PTR cultivated in 1L shake-flask, the yield of fraction 1 was the highest 
in HF1 (Table 3.12) and HN1 (Table 3.14) from H W E of mycelium of PTR 
cultivated from medium containing fructose and mannitol which were 36.6 and 
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35.6%’ respectively. The yield of fraction 2 was the highest in HF2 (Table 3.12) and 
H M 2 (Table 3.13) from H W E of mycelium of PTR cultivated from medium 
containing fructose and mannose which were 27.9 and 32.3%, respectively. During 
fractional ethanol precipitation, the mycelial polysaccharides were separated 
according to their molecular weight (MW). Carbon sources could probably affect the 
M W profiles of mycelial polysaccharides. In this case, fructose and mannitol may be 
favorable for the production of mycelial polysaccharides with the highest molecular 
weight (fraction 1) which were not completely soluble in water after lyophilization. 
Fructose and mannose might be favorable to the production of water-soluble fraction 
2
 of H W E which had a molecular weight lower than fraction 1. It seemed that in the 
future production of polysaccharides from mushroom mycelium, the yield of 
polysaccharides at the desired molecular weight could be controlled by using the 
appropriate carbon source in SmF of mycelium of PTR. This was very important in 
the future study on the biological functions of the polysaccharides of PTR since the 
polysaccharides of mycelium (including EPS) produced in medium of different 
carbon sources having different molecular weight might have different biological 
activities as discussed. 
The yield of fraction 2 (HG8L2) of H W E of mycelium of PTR cultivated in 8L 
fermentor with medium containing glucose was the highest amongst all samples 
(Table 3.16). It seems that the better conditions including aeration condition and 
mass transfer in 8L fermentor as discussed in previous sessions for the scale-up 
production of mycelium of PTR was suitable for the production of the major fraction 
(the second fraction) of H W E of mycelium of PTR. In a study by Lee et al (2004), 
the initial growth rate of mycelium of GF in 5L stirred-tank fermentor which had a 
better mixing of material was obviously faster than that in 5L airlift fermentor. 
Another reason might be that the enzymes (including the corresponding glucan 
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synthase) in the mycelium for the polymerization of the polysaccharides had been 
activated in the seed culture before it was transferred to the fermentor. This implied 
that incubation period was another important factor for the production of 
polysaccharide in mycelium. 
Other studies had also shown the effect of carbon sources on the polysaccharide 
yield. The highest yield of hot water extract of mycelium of P/^///浙s linteus LI 3202 
(13.70土 1.02%) could be obtained in medium containing mannose while the lowest 
yield (4.76士0.41%) could be obtained in glucose (Lee et a/., 1995). However, there 
were very few studies reported on how carbon sources affected the production of 
different polysaccharides in mycelium. 
The present result showed that different carbon sources and cultivation 
conditions could stimulate the production of polysaccharides with certain molecular 
weight and structure. This was in consistent with another study concerning the 
production of mycelium in medium of glucose and potato dextrose both (PDB) (Lee, 
e t a
l； 2004). The molecular weight of the hot water extract of GF grown in a 
medium of glucose and in medium of PDB was 500 kDa and 470 kDa, respectively. 
These extracts exerted different biological activity in terms of percentage of 
superoxide radical inhibition and proliferation of fibroblast cells (Lee et al, 2004). 
The one from medium of glucose had a higher percentage of superoxide radical 
inhibition and a lower percentage of proliferation of fibroblast cells than the one 
from medium of PDB (Lee et al., 2004). This again showed that polysaccharide 
extracted from mushroom mycelium cultivated with different carbon sources may 
had different properties in terms of molecular weight and thus the biological 
activities. 
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Table 3.11 The yield, carbohydrate, total sugar and protein contents of the 
different fractions from fractional ethanol precipitation of hot water 
extract from mycelium of PTR growing in 1L shake-flask with 
medium containing glucose. 
% EtOH
# #
 Yield (mg)謹 % C H O # % TS# % P# 
HG1 3.80% 92.3 (18.3%) 46.2±8.21
g
 58.6^:15.2^ 14.1 土0.41 
H G 2 8.36% 94.8(18.8%) 89.8 士 2.60a 68.5 士 1.35h 2.52 士 0.23j 
HG3 8.90% 55.3 (11.0%) 72.3士0.66c，d 70.59土3.55h 1.64±0.38j 
HG4 10.6% 67.6(13.4%) 89.6 士 2.38a，b 82.3±6.13h 2.21±0.24j 




 57.7士 1.61" 7.43士0.18 






 40.5士0.611 19.2土0.14k 
H G 7 76.0% 1.1 (0.2%) 56.5 士 0.72f，g N A 20,0 土 0.31k 
H G 8 " N A 95.9(19.0%) N A N A N A 
H G C I N A N A 54.2 士 2.70e,g 67.9 士 0,17h 11.5 士 0.10 
NA = Not Available; Residue after fractional ethanol precipitation 
Final ethanol concentration 
Total recovery % after fractional ethanol precipitation was 91.7% 
% CHO = % dry wt. of carbohydrate by phenol-sulphuric acid method 
% TS = % dry wt. of total sugar by GC analysis 
% P = % dry wt. of protein by Lowry method 
Data (mean 士 standard deviation, n = 2) having the same superscript has no significant difference 
0?>0.05). 
Table 3.12 The yield, carbohydrate, total sugar and protein contents of the 
different fractions from fractional ethanol precipitation of hot 
water extract from mycelium of PTR growing in 1L shake-flask 





 % C H O
#




HF1 21.6% 272.3 (36.6%) 46.9士0.95 47.0土6.98c9.04±0.96e 
HF2 36.2% 207.6(27.9%) 89.1 土 0.53a 73.0±4.14c'd 1，23 士 0.35 
HF3 45.3% 60.0 (8.05%) 70.7±0.89 73.1 士 1.06d 2.90±0.28g 
HF4 57.1% 13.2(1.77%) 91.2±0.67
a
 87.3 土 6.58d 8.67 士 0.07f 




HF6 69.4% 13.6(1.83%) 60.4 士 1.81b 62.2 士 13.1c，d 7.17 土 0.23g，h 
HF7 76.0% 6.1 (0.82%) 90.8 士 1.09a N A 10.6±0.32e 
HF8** N A 75.1 (10.1%) N A N A N A 
HFC N A N A 91.0±3.13
a
 77.6 士 3.25c’d 4.56±0.05g’h 
NA = Not Available; Residue after fractional ethanol precipitation 
##Final ethanol concentration 
###Total recovery % after fractional ethanol precipitation was 88.7% 
% CHO = % dry wt. of carbohydrate by phenol-sulphuric acid method 
% TS = % dry wt. of total sugar by GC analysis 
% P = % dry wt. of protein by Lowry method 
*Data (mean 士 standard deviation, n = 2) having the same superscript has no significant difference 
¢2 >0,05), 
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Table 3.13 The yield, carbohydrate, total sugar and protein contents of the 
different fractions from fractional ethanol precipitation of hot water 
extinct from mycelium of PTR growing in 1L shake-flask with 
medium containing mannose. 
— % EtOH
# #
 Yield (mg)_ % C H Q
#
 %TS# % P
# 
H M 1
 ^ 8 % ~ ~ ~ 5 7 . 9 ( 1 1 . 4 % ) 6 8 . 0 ± 0 . 0 4
a
 5 0 . 7土 2.16d，e，f 2 2 . 6 士 0 . 0 7 
H M 2 11.5% 164.6 (32.3%) 94.8 士 1.16b 69.5 土 5.09d，e 2.0 士 0.17g 
H M 3 15.0% 61.1 (12.0%) 71.0 土 0.18a 83.7 士 19.1d 3.3 士 0.18g 
H M 4 19.1% 7.3(1.43%) 83.7±0.15
c
 82.8 士 3.19d 7.8 士 0.20 




H M 6 40.8% 36.0 (7.06%) 90.1 士4.06b，c 25.1 士9.22f 10.4±0.57J 
H M 7 58.2% 14.7(2.88%) 83.2 士 3.12c 19.8±3.10f 12.7±0.36hJ 
HM8** 76.0% 108.6(21.3%) N A N A N A 
H M C N A N A 89.0 土 0.04b，c 66.0 士 1.73d,e 11.5 士 0.42ij 
NA = Not Available; Residue after fractional ethanol precipitation 
Final ethanol concentration 
tt-UU'-n 
Total recovery % after fractional ethanol precipitation was 89.7% 
% CHO ； % dry wt. of carbohydrate by phenol-sulphuric acid method 
% TS = % dry wt. of total sugar by GC analysis 
% P = % dry wt. of protein by Lowry method 
Data (mean 士 standard deviation, n = 2) having the same superscript has no significant difference 
(p>0.05). 
Table 3.14 The yield, carbohydrate, total sugar and protein contents of the 
different fractions from fractional ethanol precipitation of hot 
water extract from mycelium of PTR growing in 1L shake-flask 
with medium containing mannitol. 
% EtOH
# #
Yield (mg)麵 ％ C H O # % TS# 
HN1 "~0% 179.7 (35.6%) 69.4±0,07
a，b，c 62.5±8.33f 10.6±0.25^ 






 0.05 士 0.05 





f，g 6.74 土 0.16^1 
HN4 30.2% 25.0(4.95%) 33.3 士 0.08e 52.5 士 7.20 13.7±0.11iJ 




 22.8 土 4.35j，k 









HN7 76.0% 11.8(2.34%) 61.2 士 5.69a，b 72.7±0.15f，g 28.8 士 1.12j 
HN8** 76.0% 22.8 (4.52%) N A N A N A 
H N C N A N A 81.9 士 0.77c，d 76.8 士 0.67f，g，h 14.4 士 2.6” 
NA = Not Available; Residue after fractional ethanol precipitation 
Final ethanol concentration 
# #Total recovery % after fractional ethanol precipitation was 81.7% 
# % CHO = % dry wt. of carbohydrate by phenol-sulphuric acid method 
% TS = % dry wt. of total sugar by GC analysis 
% P = % dry wt. of protein by Lowry method 
•Data (mean 士 standard deviation, n = 2) having the same superscript has no significant difference 
(p>0.05). 
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Table 3.15 The yield, carbohydrate, total sugar and protein contents of the 
different fractions from fractional ethanol precipitation of hot water 
extract from mycelium of PTR growing in 8L fermentor with 
medium containing glucose. 
： _ % EtOH # # Yield (mg)_ % C H O # % TS# % P# 
H G
8 L 1 0 . 0 0 % 4 6 . 5 (9.02%)52.9士0.18a53.3土4.12 30.5±0.02 
HG8L2 38.0% 219.2(42.5%) 72.1 士 3.87b，d 77.8±5.42e’f，g 0.83 土 0.02 
HG8L3 53.6% 67.3(13.1%) 87.5 土 3.31c 86.7 土 3.02e，h 2.58 土 0.09 
HG8L4 61.5% 19.0 (3.68%) 82.9士0.75e，d 79.9士 1.42e，f 6.91 士0.02 
HG8L5 65.6% 24.3 (4.71%) 74.2士3.52c，d 69.8士0.88f’g 5.69士0.02 
HG8L6 70.3% 10.6 (2.06%) 77.5士4.39c，d 66.4士0.34g 7.46土0.09 
HG8L7 74.9% 1.0(0.19%) 58.5 士 3.92a，b 70.4 士 3.39f，g 8.70 士 0.04 
HG8L8" 76.0% 91.7(17.8%) N A N A N A 
HG8LC N A N A 87.2 士 4.73c 93.3^2.42h 3.24 士 0.14 
NA = Not Available; Residue after fractional ethanol precipitation 
Final ethanol concentration 
# #Total recovery % after fractional ethanol precipitation was 93.0% 
% CHO = % dry wt. of carbohydrate by phenol-sulphuric acid method 
% TS = % dry wt, of total sugar by GC analysis 
% P = % dry wt. of protein by Lowry method 
Data (mean 士 standard deviation, n = 2) having the same superscript has no significant difference 
(p>0.05). 
3.3.2 Chemical characteristics of HWE of PTR 
3.3.2.1 Carbohydrate and protein content 
The first fraction could not be completely dissolved in water after lyophilization. 
Fraction 1 of all H W E of PTR cultivated in medium containing different carbon 
sources, except for HF1 and HN1，contained a high portion of protein with a 
polysaccharide-to-protein ratio of 3:1 to 2:1 (derived from Table 3.11-3.15). The 
protein content of the first fraction could even reach 30.5士0.02% in HG8L1 (Table 
3.15). Such a high protein content could also be found in the water-insoluble 
polysaccharides extracted from mycelium of Grifola frondosa where the protein 
content of the water-insoluble polysaccharide of G frondosa could be as high as 
55.5% with 34.1% carbohydrate (Zhuang et al., 1994). The water-insoluble 
101 
polysaccharide with a high protein content had a good inhibitory effect to tumor cells 
with 84.6% inhibition and could prolong 2.54 times the life-span of the mice which 
were implanted with Sarcoma 180. From the chromatograms of the SEC of the first 
fraction (Figure 3.10 (a)，(e) & (f)), it consisted of 2 to 3 fractions. One of them 
might be a protein or a polysaccharide-peptide complex. A protein-containing 
xyloglucan with antitumor activity could be isolated from a Chinese mushroom, 
Pleurotus sajor-caju (Fr.) Sings., which contained polysaccharide-to-protein ratio of 
about 3:1 (Zhuang, et al,, 1993). A polysaccharide-peptide complex with 
carbohydrate-to-protein ratio of 7.87 isolated from a mycelial culture of a local 
Tricholoma sp. (strainSTC20-Tl) was shown to increase the proliferation of T-cells 
and the macrophage production of N0 2" (Wang et al” 1995). This implied that the 
first fraction may have some potential to be a antitumor agent. However, further 
purification should be done to identify the different portions in the first fraction and 
further studies should be done on its bioactivities. 
The second and the third fractions were the main polysaccharide fraction which 
contained over 70% carbohydrate and lower than 5% protein (Table 3.11-3.15). The 
carbohydrate content could be as high as 94.8士 1.16% in H M 2 (Table 3.13) and the 
protein content could be as low as 0.05±0.05% in HN2 (Table 3.14). Fraction 2 and 3 
were possibly pure polysaccharides which were mainly composed of one major peak 
in SEC (Figure 3.10(b)). 
It seems that fructose was not suitable for the production of protein in the 
mycelium of PTR. For all the fractions of the H W E of PTR, the highest protein 
content was found in HF7 (Table 3.12) which was 10.6士0.32% while all the other 
fractions were lower than 10%. This was similar to the findings by Zhang et al 
(2004) which showed that the H W E of mycelium of PTR grown in medium of 
fructose contained 10.7% protein only. As discussed in previous session, fructose 
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might get into the pentose phosphate pathway rather than directly into glycolysis in 
the mycelium of PTR. This might increased the intermediates of the pentose 
phosphate pathway but decreased the availability of pyruvate in the glycolysis and 
oxaloacetate and a-ketoglutarate in T C A cycle for the biosynthesis of amino acids 
(Voet et al, 1999). Therefore, fructose might decrease the biosynthesis of protein. 
This hypothesis could be investigated further by measuring the enzyme activities of 
pentose phosphate pathway and biosynthesis of amino acids. 
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Figure 3.10 Selected size-exclusion chromatograms of fractions of HWE of PTR 
HPLC conditions: 
HPLC system 一 Waters 2695 HPC system; 
Column - SUPELCO Progel™ TSK 6000PW column; 
Solvent - 0.2M NaCl; isocratic 
Flow rate and temperature - 0.9 ml/min (25°C); 
Detector 一 Refractive idex detector 
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From the above data described, different carbon sources affected the 
carbohydrate and protein content of the polysaccharides of mycelium of PTR 
resulted in possibly different might affect the biological activities of the 
polysaccharides. The hot water extract of GF cultivated in medium of glucose had a 
carbohydrate and protein content of 66 and 34%, respectively while that in of potato 
dextrose broth (PDB) had a carbohydrate and protein content of 82 and 18%, 
respectively (Lee et al., 2004). 
3.3.2.2 Monosaccharide composition 
Table 3.16, 3.17, 3.18, 3.19 and 3.20 show the monosaccharide composition of 
H W E of mycelium of PTR cultivated in medium containing different carbon sources. 
The crude H W E of PTR mainly contained glucose as the major sugar, followed by 
substantial amount of mannose, galactose and glucosamine. This was comparable to 
a previous study on the monosaccharide composition of hot water extract of 
mycelium of PTR which found that the polysaccharides isolated by hot water from 
mycelium of PTR grown in medium of fructose contained 9.4% mannose, 73.1% 
glucose, 14.3% galactose and 3.1% glucosamine (Zhang et al., 2004). In this study 
(Zhang et al, 2004), the extract was subjected to antitumor investigation which 
found that the extract had a 65.4% inhibition of Sarcoma 180 in BALC/c mice at a 
dosage of 20 mg/kg for 10 days. In another study, the monosaccharide composition 
of dietary fibre of PTR was also found to contain mainly glucose (60-80%), mannose 
(4-8%), galactose (3-5%) and chitin (6-17%) (Wu et al., 2004) in medium of various 
C:N ratio. Fraction 1 of all H W E of PTR mainly contained galactose, glucose and 
chitin except HN1 of PTR cultivated from medium containing mannitol which 
contained mannose as the major sugar (Table 3.19). The monosaccharide 
composition of fraction 1 of the H W E of PTR cultivated from medium containing 
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different carbon sources varied. For HG1, HF1, HN1, they contained more glucose 
than galactose in a ratio of 4:3, 2:1 and 2:1，respectively while for the other two 
fractions, H M 1 and HG8L1, they contained more galactose than glucose in a ratio of 
5:3 and 2:1, respectively. Fraction 1 might consist of a mixture of glucan and 
galactan. It seemed that carbon sources could affect the production of mycelial 
polysaccharide with different sugar profiles. This might be due to the fact as 
discussed in 3.2 that different carbon sources (substrates) may cause different activity 
of enzymes (such as glucan synthase for making a glucose chain) involved in the 
utilization of the carbon sources as discussed previously. It is interesting to note that 
all fraction 1, except HM1, contained a rather high proportion (over 10%) of 
glucosamine derived from chitin. This implied that fraction 1 could be a 
glycan-chitin complex which accounts for its water insolubility. 
Fraction 2 and 3 mainly contained predominantly glucose at around 90%, 
implying a glucan structure. HG2, HG3, HG8L2 might be pure glucans which 
contained only glucose. Other fraction 2 and 3 contained small amount of mannose 
and galactose which might be present as side-branches. Fraction 4 including HG4, 
HN4 and HG8L4 also had a high proportion of glucose (over 70%) which may 
contain glucan with side-branches of mannose and galactose. The other fractions 
contained glucose normally around or even lower than 50%. The ratio of 
glucose:galactose:mannose of HG6 was around 1.5:1:1 while for the others, except 
HF4 and HM4, the ratio was about 2:1:1. 
It seemed that the structures of fraction 5，6 and 7 were more complicated where 
the backbone might contain not only one monosaccharide but had complex 
side-chains of other sugars. A cell wall polysaccharide isolated form Hypocrea 
gelatinosa which was found to have a — l)-a-D-Man-(6~^ backbone with a side 
chain containing ->l)-a-D-Glc-(4-> and ~>l)-p-D-Gal-(6— linked to the position 2 
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carbon of the mannan backbone (Figure 3.11) (Prieto et al., 2001). 
In the study by Lee et all (1995), it also showed that different carbon sources 
affecting the monosaccharide composition of the H W E of Phellinus linteus LI 3202. 
It showed that the lowest glucose content and the highest galactose and mannose 
content was found in the H W E of mycelium of P. linteus cultivated in medium of 
galactose (Lee et al, 1995). 
In scale-up production of mycelium of PTR in 8L fermentor, all the fractions of 
H W E were obviously contained a higher portion of chitin (Table 3.20) when 
compared with the H W E obtained from mycelium cultivated in 1L shake-flask with 
medium containing glucose (Table 3.16). This phenomenon also appeared in the case 
of EPS in which EG8L had significantly higher amount of chitin than E G (Table 3.8). 
The mycelium of PTR in 8L fermentor might be more mature since that the 
mycelium was cultivated for a total of 12 days including the preparation of seed 
culture. The older the mycelium may contain the higher amount of chitin. 
I 
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Figure 3.11 Proposed structure of a cell wall polysaccharide from the fruiting 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.3.3 Structural characteristics of HWE of PTR 
3.3.3.1 Molecular weight of HWE of PTR by HPLC 
Table 3.21 3.22, 3.23, 3.24 and 3.25 show the molecular weight by reference to 
standards (Figure 3.6) of the different fractions of H W E of PTR cultivated in 
medium containing different carbon sources. As seen in the tables (Table 3.21-3.25), 
the molecular weight of the major peaks decreased from fraction 2 to fraction 7. This 
shows that fractional ethanol precipitation could separate polysaccharides according 
to their molecular weight in descending order. It was easier to screen out the larger 
polysaccharides rather than the smaller ones as seen in the tables that fraction 2 and 
fraction 3, except HM2, HM3, HN2 and HN3 usually showed only one peak in SEC 
while the fractions of small molecules usually showed at least two peaks with one 
major peak. Generally, all fractions could be divided into three groups according to 
their molecular weight. The first group was the largest ones with molecular weight 




 M W while the second group had molecular 
weight at 1.36x10 to 2.02x10
4





 M W . In a previous study, the H W E of mycelium of PTR 
cultivated in medium of fructose was found to contained two fractions in which the 
first fraction was at a molecular weight of 7.62x 10
5
 M W while the second fraction 
had a molecular weight of 3.23 x 10
4
 M W (Zhang et al., 2004) which was similar to 
HF2 (6.90xl0
5
 M W ) and HF4 (3.46xl0
5
 MW), respectively. It seemed that by using 
the same carbon source, polysaccharides with the specific M W range could be 
reproduced in different experiment for the same mushroom. 
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Table 3.21 Molecular weight profile of different fractions of HWE from 
mycelium cultured in 1L shake-flask with medium containing 
glucose. 
Molecular Weight (MW) 










HG5 #5.34xl05 1.92xl04 
H G 6 4.47X105 #1.84xl04 
H G 7 4.45xl0
5 #1.68xl04 
HGC #6.62xl05 1.67xlQ4 
This fraction was not completely soluble in 0.2M NaCl solution. 
Major fraction from size exclusion chromatography 
Molecular weights in bolded letters are the major peak of the corresponding fraction 
Table 3.22 Molecular weight profile of different fractions of HWE from 
mycelium cultured in 1L shake-flask with medium containing 
fructose. 
Molecular Weight (MW) 
Peak 1 Peak 2 
HF1* 5.73xl0
5 
HF2 # 6 . 9 0 _ 5 
HF3 #4.24xl05 













^ “ • 
This fraction was not completely soluble in 0.2M NaCl solution. 
Major fraction from size exclusion chromatography 
Molecular weights in bolded letters are the major peak of the corresponding fraction 
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Table 3.23 Molecular weight profile of different fractions of HWE from 
mycelium cultured in 1L shake-flask with medium containing 
mannose. 
Molecular Weight (MW) 
Peak 1 Peak 2 Peak 3 
HM1* 5.10x10s i .33xl0 3 
HM2 #5.63xl05 i .74xlo 3 
HM3 #3.84xl05 i .69xl0 3 
HM4 #3.40xl05 1.68xl04 2.18xl03 
HM5 #3.42xl05 #1.77xl04 
HM6 2.85xl05 #1.84xl04 
HM7 3.12xl05 #1.71xl04 
HMC #4.96xlQ5 l,54xlQ4 l .93xl0 3 
* 1 . 
This fraction was not completely soluble in 0.2M NaCl solution. 
Major fraction from size exclusion chromatography 
Molecular weights in bolded letters are the major peak of the corresponding fraction 
Table 3.24 Molecular weight profile of different fractions of HWE from 
mycelium cultured in 1L shake-flask with medium containing 
mannitol. 
Molecular Weight (MW) 
Peak 1 Peak 2 Peak 3 
HN1* 6.00xl05 9.94X102 
HN2 #6.80xl05 1.16xl03 
HN3 #6.93xl05 2.02xl04 
HN4 3.92xl05 #1.83xl04 1.45xl04 
HN5 2.86xl05 #1.80xl04 
HN6 2.81xl05 #1.60xl04 
HN7 2.73x10s #1.36xl04 
HNC #5.66xlQ5 #1.59xlQ4 
H s “ . . . 
This fraction was not completely soluble in 0.2M NaCl solution. 
# 
Major fraction from size exclusion chromatography 
Molecular weights in bolded letters are the major peak of the corresponding fraction 
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Table 3.25 Molecular weight profile of different fractions of HWE from 
mycelium cultured in 8L fermentor with medium containing 
glucose. 
Molecular Weight (MW) 
Peak 1 Peak 2 Peak 3 
HG8L1* 4.88x10
s
 ~ ~ ~ ~ _ _ -
HG8L2 #5.87xl05 
HG8L3 #3.83xl05 




4 #1.71xl04 3.11xl03 
HG8L7 2.97xl0
5 #1.39xl04 
HG8LC #5.09xl05 1.42xlQ4 
jjj : "“ •‘ . ..... . “ 
This fraction was not completely soluble in 0.2M NaCl solution. 
n 
Major fraction from size exclusion chromatography 
Molecular weights in bolded letters are the major peak of the corresponding fraction 
The molecular weight profile of H W E of mycelium of PTR cultivated from 
medium containing different carbon sources were similar with an exception of the 
H W E from medium of glucose. This was reasonable that different carbon sources 
should not have much differences on the general cell wall structures of the mycelium. 
However, as we had discussed in 3.3.1., the content of the polysaccharides with 
different molecular weight might be affected by different carbon sources in which 
fructose and mannose stimulated the production of H W E with higher molecular 
weights. In the cases of submerged fermentation in 1L shake-flask, the H W E of 
mycelium of PTR cultivated in medium containing glucose was generally larger than 
those from different carbon sources. Since the H W E was mainly composed of 
glucose (section 3.3.2.2), glucose as carbon source might be favorable for the 
production of polysaccharides (glucan) of larger molecular weight. Glucose, as a 
substrate, might stimulate the corresponding enzymes including glucan synthase 
which duel with glucose. However, the molecular weight of the second fraction of 
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H W E of PTR cultivated in 8L fermentor (5.87xl0
5
 M W , Table 3.25) with medium 
containing glucose were smaller than that cultivated in 1L shake-flask (1.50xl0
6
 M W , 
Table 3.21) with medium containing glucose. This may be because the cultivation 
period in the fermentor was only 6 days and so the shorter molecules were produced. 
Or on the contrast, we had found that the mycelium of PTR contained more insoluble 
cell wall materials since the mycelium in 8L fermentor should be older than that in 
1L shake-flask as discussed in 3.3.1. The large molecules in the mycelium might be 
convert into insoluble cell wall materials during the period of growing in fermentor. 
This showed that time was also a main factor other than carbon sources affecting the 
structure of polysaccharides produced by mycelium of PTR. However, very few 
studies had investigated on how the time factor affects the structure of 
polysaccharides in mushroom mycelium. It should be investigated more in future 
studies. Another reason for the smaller molecular weight of H W E of PTR cultivated 
in 8L fermentor was that the shearing force in the stirred-tank fermentor was larger 
than that in shake-flasks. The shearing force might prevent the polysaccharides from 
getting larger in molecular weight. 
3.3.3.2 Glycosyl linkages of HWE of PTR by GC-MS of PMAA 
Table 3.26 shows the glycosyl linkages of HG1, HG2, HG6 and HGC. HG1 
composed of l)Glc(4~>] and [~>l)Gal(6—] in a ratio of about 1:1. It may be a 
straight chain of glucose and galactose since no branching point was found in this 
fraction. l)Glc(4~>] and [->l)Gal(6->] could also be found in other Pleurotus spp. 
The water-soluble fraction of the EPS of P. cornucopiae contained 48% 
l)Glc(4~>] and 10% [->l)Gal(6-^] while that of P. floridanus contained 25% 
l)Glc(4—] and 10% [—l)Gal(6—] and that of P. sajor-caju contained 12% 
l)Glc(4—] and 20% l)Gal(6~>] (Gutierrez et al., 1996). 
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HG2 was a straight chain (l->4)-glucan containing only the terminals [Glc(l->] 
and linkages [->l)Glc(4->] without any branching points. This structure could also 
be found in the EPS of other Pleurotus spp. The water-soluble fractions of the EPS 
produced by P. cornucopiae, P. ostreatus and P. pulmonarius were found to be 
formed by over 40% — l)Glc(4— linkage (Gutierrez et al,, 1996). 
HG6 was composed of [->l)Glc(4->], [—l)Gal(6—], [-^2)Man(6->] and a 
braching point of [->2,6)Man(l^]. [—l)Gal(6—] constituted the main fraction in 
HG6 being the main structure of the backbone. [->2,6)Man(l->] might be the 
branching point and [—l)Glc(4~>] might be part of the backbone or present in the 
branches. 
The glycosyl linkages of other fractions, HG3, HG4, HG5, were not 
investigated due to the fact that they were the minor fractions and their 
monosaccharide composition were so similar in which HG3 contained glucose only. 
HG4 and HG5 contained mainly glucose with minor proportion of mannose and 
galactose. However, both the mannose and galactose content of HG4 were lower than 
2.5% which could be negligible while that of HG5 were higher than 5%. It could be 
deduced that HG3 and HG4 were mainly (l->4)-glucan as HG2 while HG5 might be 
(l->4)-glucan with side chains of [->l)Gal(6-^] and 2)Man(6—]. 
Apart from the study of Gutierrez et al. (1996), there was very few studies 
reporting that fungi contained soluble (l->4)-glucan as found in the present result 
(Table 3.27). It may be a a-glucan which could be found in the fruiting body of 
Agrocybe cylindracea (Yoshida et al,, 1996) and Lentinus edodes (Zhang et al” 2000) 

































































































































































































































































































































The molecular weight profiles of the H W E of PTR were similar in different 
carbon sources with an exception of glucose in which the H W E of PTR cultivation 
from medium of glucose in 1L shake-flask had higher molecular weight. This might 
be due to the fact that glucose was the basic monosaccharide in the structure of the 
H W E and could stimulate the activities of the enzymes including glucan synthase 
when glucose was the substrate. Although carbon sources had little effect on the 
molecular weight profile, carbon sources could affect the yield of H W E with 
different molecular weight profiles in which fructose and mannose could stimulate 
the production of polysaccharides with higher molecular weight (6.9xl0
5
 and 
5.63x10 , respectively). Fructose was not favorable for the production of protein in 
the mycelium of PTR, probably due to the fact that fructose might not be 
metabolized directly in the pathway of glycolysis and pentose phosphate pathway 
might be the first entry point of fructose in the mycelium of PTR. Apart from carbon 
sources, it was found that different cultivation period and method might have an 
effect on the structure of the polysaccharides of mycelium of PTR in which the H W E 
of PTR from 8L fermentor using glucose as medium had a lower molecular weight 
and higher chitin level than that from 1L shake-flask using the glucose medium. 
Tentative structures of fractions of H W E were as follows: HG1 might be a straight 
chain of [~>l)Glc(4—] with 10% l)Gal(6~>]; HG2，HG3 and HG4 might be pure 
(l->4)-glucans; HG5 might be a (l-^ 4)-glucan with side chains of l)Gal(6o] 
and [-^2)Man(6-^] while HG6 might be a (1—6)-galactan with side chains of 
[->l)Glc(4->] and 2)Man(6~>] at the branching point of [->2,6)Man(l->]. 
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CHAPTER 4 CONCLUSIONS AND FUTURE 
WORKS 
4.1 Conclusions 
In conclusion, carbon sources have a great effect on the chemical characteristics 
of the EPS and H W E of PTR and the structural characteristics of the EPS of PTR in 
terms of carbohydrate content, protein content, monosaccharide compostion, 
molecular weight and glycosyl linkages. The differences might be caused by the 
different metabolic pathways including glycolysis, mannitol cycle and pentose 
phosphate pathway and the stimulation of different enzymes (glucan sythases). 
Mannose and glucose were found to be the best carbon sources for the growth 
of the mycelium of PTR, AC and GF. Both carbon sources gave EPS with a high 
carbohydrate content of around or over 70% and protein content of around 10-20%. 
Mannitol cycle might be present only in PTR while AC and GF could not utilize 
mannitol efficiently for their growth. The EPS of PTR and AC mainly composed of 
mannose, glucose and galactose in descending order. However, different carbon 
sources had different effect on the monosaccharide composition of EPS of PTR and 
AC. Higher glucose content could be found in PTREGT, PTREMal, and ACES and it 
was found that mannitol and sorbitol could stimulate the production of EPS with a 
higher content of mannose (about 85%). 
According to the mycelial yield and cultivation period, PTR in medium of 
glucose, fructose, mannose and mannitol were chosen for further investigation in 
scale-up production in 1L shake-flasks and 8L stirred-tank fermentor of mycelium, 
EPS and H W E of mycelium. Generally, the carbon sources which composed the 
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basic structure of the polysaccharide found in the EPS or H W E could have 
stimulating effect on increasing the content of that monosaccharide in the 
polysaccharide and the molecular weight, i.e. mannose for EPS to produce mannan 
and glucose for H W E to produce glucan. This finding was very important in using 
appropriate carbon source for producing the desired polysaccharide. It was proposed 
that fructose might be utilized through pentose phosphate pathway by mycelium of 
PTR. The EPS of PTR was found to be a (2—6)-mannan with branches with linkages 
of [->1)G1C(3->]5 [~>1)G1C(6—] and [-^l)Gal(6->] while the H W E of PTR was 
found to be mainly (l->4)-glucan with other linkages of [->l)Glc(3->], 
and 2,6)Man(l~>]. Various carbon sources 
affected the molar ratios of the glycosyl linkages showing that the structure of the 
EPS of PTR might be different in medium of different carbon sources. Generally, the 
monosaccharide composition of EPS in different carbon sources was found to be 
similar in scale-up production in 1L shake-flasks and 8L fermentor as compared to 
the small scale 250 ml shake-flask experiment. This showed an important implication 
that investigation in small scale production of EPS in 250 m L shake-flasks was 
possible to be repeated in industrial production. 
Apart from carbon sources, aeration and mass transfer condition and time factor 
were also found to affect the mycelial and EPS production of PTR, especially in 8L 
stirred-tank fermentor. 
4.2 Future works 
In this study, the effect of carbon sources on the chemical and structural (mainly 
for EPS) of the polysaccharide of mycelium of PTR including EPS and H W E had 
been investigated. The effect of carbon sources on the glycosyl linkages of H W E 
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further studied. The optimal condition of fermentor including aeration rate, agitation 
power (rotation speed of propeller) etc. should be found out in order to produce more 
EPS and mycelium. Using fermentor to produce a large amount of EPS and H W E 
would enable evaluation of their different biological functions including antitumor, 
antidiabetic, antioxidative effect etc. This would find out how the biological 
functions could be affected by the different EPS and H W E which were isolated from 
mycelium in medium of different carbon sources in terms of structural differences of 
the mushroom polysaccharides. 
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